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Abstract. The theory of the orbit of the Vanguard satellite is developed using as arbitrary constants the six initial 
_ orbital elements, the zonal spherical harmonics of the earth’s field of degrees 0, 2, 3, 4, and a table of observed values 
of the mean anomaly at the epoch. Comparison is made with the elements calculated by the Vanguard computing center ; 

_ it is shown that most of the changes in the elements are reproduced in this way. 


The elements of the orbit of 1958 Beta 2 (Van- 
penerd I) have been published (Siry 1958, 1959) 
by the Vanguard computing center at intervals of 

_a few days since March 17, 1958, when the sat- 
ellite was launched. They are listed in Table I. 

These elements were obtained according to the 
method set up by Herget and Musen (1958). 

Each group of observations, covering a period of 

about 7 days, determines a set of elements which 
is independent of all of the others. 

_ In this paper, we show that all of the 222 
elements for the 37 epochs can be derived from 
the zonal harmonics of the earth’s gravitational 
field of degrees, 0, 2, 3, and 4, together with the 
6 initial elements (taken for convenience at the 
‘9th day after launch, March 26, at 1227, U. T.), 
and the values of the mean anomaly. 

The six initial elements are those which would 
have been found by the Herget-Musen procedure 
for this date if there had been no perturbations 
the orbit except those considered by their 
theory. The symbols used here have the follow- 
meanings: 


_ M = mean anomaly at the epoch 
= mean motion 


semi-major axis of the auxiliary ellipse, 
effectively defined by the Vanguard bu- 
reau as a = (.806 832 n)-? 

eccentricity of the auxiliary ellipse 


az 
ey 


° 
ll 


p = semi-parameter = a(1 — e?) 


z = inclination to plane of the equator of 
date 


w = distance node to perigee 


t=) 
I| 


right ascension of node of orbit on the 
plane of the equator of date 


We shall compare the elements with theory. 
For this purpose, we wish first of all to remove 
the effects of drag, using our one arbitrary func- 
tion, M, the mean anomaly. We shall employ 
this function in several ways: 

1. By differentiation, we shall obtain the values 
of the mean motion at all of the standard epochs 
(those listed in Table I). These can be converted 
to values of the semi-major axis, a, as required. 

2. From the values of a or n, we shall calcu- 
late the values of the correction to e for drag, on 
the assumption that the perigee distance, a(1 —e) 
is unaffected by drag. 

3. From &M itself, we shall calculate the effects 
of time-integrals of the drag corrections to the 
semi-major axis and the eccentricity. These time- 
integrals are required for the correction of the 
argument of perigee and the right ascension of 
the node. 

We begin by obtaining calculated values of n, 
the mean motion, for each of the dates listed in 
Table I. We wish to obtain these from our six 


TABLE I. PUBLISHED ELEMENTS OF 195882 AND COMPARISON WITH THEORY 
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t-to M a e€ 
(Radians) (Earth Radii) 
O-C 
9 3.29021 1.36192 .19068 +36 
15 5.42354 1.36191 .19044 +23 
27 3.42611 1.36188 -19006 +15 
39 1.44711 1.36186 .18988 - 3 
52 4.04354 1.36183 .19042 +18 
70 4.30459 1.36179 .19080 +15 
85 3.51395 1.36176 .19048 
88 4.61649 1.36175 .19047 + 
91 5.71941 1.36175 .19028  - 
94 0.54087 1.36174 -19022 + 
100 2.75005 1.36174 .19005 + 4 
108 1.51680 1.36172 .18976 - 7 
115 2.01236 1.36171 .18989 +11 
122 2.51770 1.36170 .18983 - 2 
129 3.02320 1.36170 .19004 +2 
136 3.53356 1.36169 .19019 - 4 
143 4.05313 1.36167 .19033 - 9 
150 4.58336 1.36165 -19047 - 8 
157 5.12104 1.36163 .19044 -12 
164 5.66927 1.36160 .19074 +29 
171 6.23254 1.36157 .19016 - 9 
178 0.52817 1.36154 .18992 - 9 
185 1.12361 1.36151 .18968 -11 
192 1.73699 1.36148 .18946 -20 
199 2.36353 1.36146 -18973 +10 
206 3.01080 1.36141 .18952 -20 
213 3.67247 1.36138 .18982 - 7 
220 4.35668 1.36133 .19003 - 6 
227 5.06809 1.36128 .19023 - 2 
234 5.80403 1.36124 .19029 - 4 
241 0.27508 1.36121 -19038 +9 
248 1.04332 1.36118 219011 - 4 
255 1.82630 1.36115 -18988 - 5 
276 4.29943 1.36103 -18943 + 6 
283 5.16265 1.36100 .18945 + 6 
290 6.03497 1.36097 -18968 +17 
297 0.64349 1.36094 -18993 +23 


Note: ¢ — to is the number of days since launch, 17 March 1958. No values of O—C have been given for a; these are t 
all zero in the fifth decimal place with three exceptions of +1 for ¢ — t) = 136, 143, 199. 


initial elements and our one arbitrary function, 
M. We proceed as follows: 

The mean motion mp at the initial epoch is 
determined from a as 67.37569 rad./day, or 
0.7798 112 rad./kilosecond. 

Next we form 


AM = M — My — nolt — to), (1) 


where fp is the initial epoch. 
From AM we find a value of a for the jth orbit 
time by means of the ordinary formula for differ- 
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t (3) 8 

(Radians) (Radians) (Radians) 

O=€ O-C o-Cc 
.59755 -17 2.9307 -20 2.21388 +1 
59783 + 8 339117 = 3 1.8985 +5 
.59805 +22 AS14toe al 1.2676 +2 
.59815 +32 5.2380 +3 0.6370 +2 
.59782 +9 6.2370 - 2 6.2370 +4 
.59772 +12 1.3340 -10 5.2898 -3 
.59762 - 3 2.4842 - 9 4.5015 +3 | 
.59732 -35 291545 41 4.3429 -6 | 
.59788 +18 2.9456 0 4.1856 -1. 
59757 —=15 3.1762 +2 4.0276 -4_ 
59771 - 7 3.6395 +23 3.7118 -6 
.59786 + 3 4.25381 +4 3.2914 -4 
59775 - 9 4.7943 +27 2.9236 -3 
.59785 + 3 563905r- =k 2.5557 © =2 
.59787 +10 5.8680 - 9 2.1881 +2 
.59758 -13 0.1228 - 9 1.8199 +2 
59760 - 5 0.6612 +1 1.4512  -4 
59767 + 6 1.1969 -12 1.0833 -1 
.59771 +11 1.7342 - 6 0.7150 -1 
.59797 +34 2.2724 7 0.3466 -3— 
.59746 -22 2.8086 - 4 6.2620 +2 
59765 - 9 3.3468 0 5.8933 -3 
.59748  -32 3.8853 0 5.5256 +42 
59767 = -17 4.42.43 0 5.1572 0 
.59781 - 3 4.9659 +24 4.7886 -4 
.59739 -42 5.5023 - 3 4.4208 oO | 
.59792 +17 6.0405 - 8 4.0528 +3 
59771 + 2 0.2954 -7 3.6843 +1 
.59764 +1 0.8334 - 5 3.9158.0 42 
.59758 - 2 1.3703 - 9 2.9474 +3 
.59758 - 2 1.9083 - 1 2.5787 +1 
59764 0 2.4460 + 2 2.2101 +1 
.59781 +11 2.9835 - 2 1.84138 -1 | 
.59792 + 8 4.6010 0 0.7359 #0 | 
.59788 +5 5.1411 + 4 0.3675 +2 
.59788 +9 5.6803 + 1 6.2819 0 
.59786 +13 6.2191 -1 59131) =a 


entiation with unequal intervals of the argument | 
(Whittaker and Robinson 1944, p. 66, eq. 4, | 
setting x = a). | 


nN; = no + Any;, 
where 
AAAI es eo | 
A i ee | 
by — ta tiga — ba 
x (SIN a) (3) | 
by — ty 


Bai — b; 


1959 September 
| The eccentricity, e. To remove the effects of 
_ drag on the eccentricity, use is made of the fact 
that the perigee distance is relatively unchanged 
| by drag for the Vanguard satellite. This is a 
| consequence of the fact that nearly all of the 
_ drag occurs at perigee, the rest of the orbit being 
fairly well out of the denser atmosphere. Accord- 
ingly, if r, represents the perigee distance, 


tr, = a(I — e), (4) 
Arp = (1 — e)Aa — ade, 


I-—e 
Ae = 
a 


n—-n 
peo. (5) 


When this correction is applied, it is found that 

there remains a perturbation in the eccentricity, 
_ whose period is that of the rotation of the line of 
apsides; i.e., approximately 82 days. 

A least squares solution was made for the 
periodic correction to the eccentricity using values 
corrected by the amount Ae for drag effects. The 
observation equations were: 


e+ Ae = e+ C, sin w, (6) 


where C, is the amplitude of the correction, and 
w is the argument of perigee. 

_ The inclination 1. The inclination is unaffected 

_ by drag. It is found that the observed variation 
of the inclination can be expressed by the 
‘equation 

| 4 = to + C;sin w. (7) 


Argument of perigee and right ascension of the 
ascending node. The perturbations in these two 
elements are similar. In each case, there is a 
large secular motion arising from the second har- 
monic, roughly 


Ag tagee ile (1 — ¥sin?2)Avo, (8) 
and 
nN COS 4 
Qe + rae Azo, (9) 


where w and (2 are expressed in the same units 
as nm. Here G is the universal constant of gravi- 
tation; M@ is the mass of the earth; and A, is 
the coefficient of the zonal harmonic of the nth 
degree (see eq. 22). 

Owing to the variations of the semi-major axis 
and the eccentricity with the time, there will be 
changes in the secular motions. In calculating 
these, equations (8) and (9) will be sufficient. 
We differentiate with respect to a and e, and 
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replace Ae by Aa from eq. (5). We have 
_ 3(4 — 5 sin? 2)Aso [7 — : 
A® = 8G!M @ia92(1 — e)? EF ay: Aa, (10) 
3 cos 1A2.9 rae 


It is convenient to express the integrated values 
fa dt in terms of fAndt because the latter 
quantity is our AM, which we have defined in 
equation (1). We find 


t 
to 
so that 
A Neen’) sin? 4 fone, 
oes 4G?M @}p? E ae g | As AM, (13) 
COS 4 7 —@e 
rs + cure | | 40s AM. (14) 


Using these equations, we correct the observed 
values of the node and perigee for the effects of 
drag. It is found that the correction is in fact 
fairly complete. 

We now set up the following two equations to 
represent the position of the perigee and node: 


(15) 
(16) 


Here the subscript corr means corrected for drag. 
The quantities C,, and Cg are empirically deter- 
mined coefficients of the cosine of the argument 
of perigee; it is found from observations and 
from first-order theory that the perturbations of 
these two elements due to odd harmonics should 
be functions of cos w. 

We thus find that the observations of the ele- 
ments of the Vanguard satellite over the period 
from March 26 to January 8, 1959 can be repre- 
sented by the following formulas in which the 
right-hand side has been cleared of the effect 
of drag. 


Weorr — WO SF co (t aa to) + Gs COS w, 
or =a Qo + Qo(t ay to) + Co COS @. 


— © AM = 10, (17) 
e+ Ae = eo + C. sin w, (18) 

i = io + Cisin a, (19) 

w + Aw = wo + wo(t — to) + Cacosw, (20) 


=) 
-|- 
> 
+) 
| 


= Q% + Qo(t = to) + Ce cos w, (21) 
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Ae, Aw and AQ being given by eqs. (5), (13) and 
(14), respectively. The constants have the follow- 
ing values: 


no = +0.7798112 rad./kilosec 
€9 = +0.19032 + .00002 
49 = +0.59772 + .00003 rad. 
wy = +2.93274 + .00034 rad. 
Qo = +2.21363 + .ooo10 rad. 
C. = +.00042 + .00003 
C; = —.00010 + .00004 rad. 
#9 = +.0767920 + .o000021 rad./day 
= +.000888796 + .000000024 rad./kilosec 
Co = +.00191 + .00023 rad. 
Q) = ~.0525622 + .0000006 rad./day 
= —.000608359 + .000000007 rad./kilosec 
Cg = +.00023 + .00007 rad. 


The elements produced by the Vanguard bu- 
reau can be represented by these constants plus 
the arbitrary function M(#) and its first de- 
rivative. 

We will now attempt to account for the above 
constants C, through Cp on the basis of the 
assumption that the earth’s gravitational field 
can be represented in the form 


A sige 
y = 200 Ait p04 2 3 2p 


r 


fas 


orm ’ (22) 
where p,° represents the zonal fanmpnie of de- 
gree 2. It will be noticed that all of the tesseral 
(longitude-dependent) harmonics are omitted. 
There is no intention here to imply that they are 
actually zero. They are, however,,. difficult to 
detect because they yield neither secular pertur- 
bations nor perturbations of very long period. 

The omission of A1,9 is a consequence of the 
fact that it will be zero if the origin of the coordi- 
nate system coincides with the earth’s center. 
A determined attempt was made by Mrs. Fischer 
(1959) at the beginning of the International Geo- 
physical Year, to determine a coordinate system 
(Vanguard Datum) whose origin would coincide 
with the earth’s center of mass. It is believed 
that the two centers fail to coincide by not more 
than about 200 meters, allowing for the deflec- 
tions of the vertical at the initial station (Meade’s 
Ranch, Kansas), for the error in the geoid height 
at this point and for the errors in the earth’s 
figure. 
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To determine Ae2,o and A4,o, we utilize wo and 
Qo, the secular motions of the argument of perigee 
and the right ascension of the node. 

These are in part due to the action of the sun 
and moon. T. Kozai (1959) at Harvard finds for 
these components 


& (rad./day) © (rad./day) 
Solar portion + .0000031 — .0000023 
Lunar portion + .0000068 — .0000049 


To account for the remaining portion, a special 
request was made to Mr. Robert Bryant, of the 
Vanguard Computing Center, for a rigorous cal- 
culation of the values of the secular motions of 


node and perigee as they result from the theory 


of Herget and Musen for the above values of 
No, €o, and 10. 

The theory of Herget and Musen is an adap- 
tation of Hansen’s theory. One of the rigid re- 
quirements of this theory is that the secular 
motions of node and argument of perigee of the 
auxiliary ellipse shall precisely equal the observed 
motions. By several iterations, this condition is 
fulfilled to about 7-figure accuracy. The calcu- 
lated values using the values of Ao and Aao 
established by Lecar, Sorenson, and Eckels (1959) 
are 
+.0767684 rad./day 


— .0525610 rad./day. 


woo = 


Q% 


ll 


The discrepancies between the observed mo- 
tions of the two elements (after allowance for 
solar and lunar effects) and the calculated values 
were attributed to errors in the assumed values 
of the co-efficients of the second and fourth har- 
monics. These were adjusted by the following 
error equations: ; 


. 
ae e hAsa tae 4. -AAay = Ad (23) 

aQ } 5 
ease AAoo eae saan = VAG) (24) 


until the observed and calculated values agreed 
as follows: 


Observed Calculated O-C 
é + .0767821 + .0767827 — .0000006 
Q — .0525550 — .0525558 — .0000008 


The corresponding values of Ao» and Ag are 
Asoo = —17.555 + .001 (megameters)* 
(kiloseconds)~? 


Ago = +1.12 + .04 (megameters)’ 
(kiloseconds) ~. 


1959 September 


In the units employed by Lecar, Sorenson, and 
Eckels (1959) these correspond to: 
J = +1.6238 X 10-3 
K = +6.4 X 107%. 
In the units employed by Jeffreys (1952) these 
correspond to: 
J = +1.6238 X 107% 
D= +7.5 X 10-4. 
In the units employed by Herget and Musen 
| (1958) and in their General Oblateness Pertur- 
bation routine these correspond to: 
+.54127 X 10°? 
+-.2132 X 10° °. 


| Ky = 
| K, 


I] 


The corresponding value for the earth’s oblate- 
ness is 1/298.24. 

Each of the remaining constants C., Ci, Ca, 
and Cg, which are to be accounted for by theory, 
has a period equal to that of the rotation of the 
line of apsides. It is believed that these varia- 
tions are to be explained in terms of the odd zonal 
harmonics of the earth’s gravitational field. The 

alternative possibilities are drag, or electrical or 
magnetic forces. The explanation in terms of 
drag is ruled out by the fact that the perigee 
| radius vector both increases and decreases; it 
appears to be impossible to imagine a drag mech- 
/anism which would cause the perigee to rise. 
| Electrical and magnetic forces are quantitatively 
insufficient to influence the orbit perceptibly. 
“We are thus restricted to gravitational forces. 
__ The gravitational field of the earth can be ex- 
| pressed as the sum of a series of spherical har- 
_monics. These are of two types: the zonal har- 
| monics, which depend on latitude only, and the 
_tesseral and sectorial harmonics, which also de- 
pend upon the longitude. 
| Owing to the rotation of the earth, the tesseral 
‘and sectorial harmonics imply a gravitational 
‘field which varies with the time. Accordingly, it 
is to be expected that they would change the 
total energy; and this would manifest itself as a 
change in the mean motion. Since changes in the 
mean motion are integrated twice in the deter- 
mination of the mean anomaly, it follows that 
any variations of this kind would be easily de- 
tected. In fact, however, the mean anomaly and 
the mean motion are the two elements in which 
no trace can be found of an 82 day periodicity. 
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In addition it should be noted that the tesseral 
and sectorial harmonics are the products of func- 
tions of the latitude by the sines and cosines of 
the longitude and integral multiples of the longi- 
tude. As a result, the average value of any such 
harmonic around a parallel of latitude is zero. 
It is thus difficult to imagine how the altitude of 
the satellite perigee could be influenced by the 
effect of a tesseral or sectorial harmonic. We 
conclude that although these harmonics presum- 
ably exist, they do not influence the 82-day 
periodicities. 

The zonal harmonics, on the other hand, result 
from deformations of the earth which are rota- 
tionally symmetric around the earth’s axis. They 
therefore would not be expected to influence the 
mean motion, since they do not lead to a time- 
varying field. Furthermore, they do not average 
zero along a parallel of latitude, and thus could 
reasonably be expected to produce perturbations 
which depend on the perigee latitude. 

Among the zonal harmonics, the only possi- 
bilities are the odd harmonics, because the effect 
on the eccentricity is opposite in sign in the two 
hemispheres. The harmonics of even degree are 
symmetric between the two hemispheres. Since 
most of the satellite orbital theories produced 
during 1957 and 1958 included the effects of the 
harmonics of order 0, 2, and 4, they did not 
predict any perturbations with the period of the 
argument of the perigee. 

Of the odd harmonics, the first harmonic will 
be zero if the center of mass of the earth coin- 
cides with the origin of the coordinate system 
(Jeffreys 1952). Since the amplitude of the oscil- 
lation of the perigee height is approximately 4 
kilometers and the displacement of the origin is 
at most 200 meters, as noted above, it is evident 
that only a very small part can be attributed to 
the first harmonic. In this paper, the contribu- 
tion will be taken equal to zero. 

Since the harmonics diminish with distance 
according to r-"—! where n is the degree of the 
harmonic, it follows that for a rather high satel- 
lite such as Vanguard I, the lower harmonics are 
considerably more important for orbital pertur- 
bations. It is also true that the rapid fluctuations 
of the higher harmonics tend to cancel them out. 
Hence, the largest effect is to be anticipated from 
the third harmonic, with possible contributions 
from the fifth. 

The contribution to the earth’s potential from 
the third zonal harmonic is 


250 


3,0 a A 
a (@ sin’ g’ — 3 sin ¢’), (25) 
where ¢’ is the geocentric latitude of the satellite. 
We will regard this as a perturbation function, 
and treat it in the usual manner for such func- 
tions (Moulton 1914, p. 399). We first substitute, 


to order e 


sin ¢’ = sin7 sin u (26) 
u=wo+t+M-+2esinM+--: (27) 
r=a(i—ecosM+-:::). (28) 


In these substitutions, the object is to have 
and w as the only time-dependent quantities. Of 
course, 7 and e are time-dependent, but their 
variations produce only second-order effects. on 
the perturbations themselves. The quantities e, 2 
are constant within I part in 10%, while we shall 
hardly reach 1 in 10? in the fractional accuracy 
of the perturbations themselves; it is therefore 
legitimate to take mean values. 

We then simplify the function obtained by re- 
placing squares and products of trigonometric 
quantities in the usual manner by the sines and 
cosines of multiple angles and the sums and 
differences of angles. 

At this point, an important simplification can 
be made. It is found that the coefficients of the 
angles are all of the same general order of mag- 
nitude. The arguments of the angles can be ex- 
pressed in terms of the time, ¢, by means of the 
mean motions z in the orbit, and n’ of the argu- 
ment of perigee, in a form such as 


M 


nt + Mo 
n't + Wo. 


We are planning to differentiate the perturba- 
tion function, with respect to the elements to 
form the Lagrange equations in accordance with 
the usual methods (Moulton, p. 399). It turns 
out that we shall not have to differentiate with 
respect to 2 or n’. The results of the differentia- 
tion substituted into the Lagrange equations will 
be the time rates of change of certain elements, 
and the equation will then be something like 


(29) 
(30) 


o> 


= Kicosw + Kecos (w + M) 
+ Kscos (w+ 3M)+ - 


de 
dt 
(31) 


When we integrate with respect to the time, we 
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shall get 
sin + M 
HA ey pel x, ee S 
sin (wo + 3M) 
=e K; n’ al 3n . (32 


Now it will make a difference whether the de 
nominator contains any multiples of m, since u 
is about 1/800 of m. Those terms which involve 
n' only will be much larger. Hence in construct 
ing the perturbation function, we can drop al 
terms except those in n’ with a great reductior 
in complexity. The resulting expression for thi 
perturbation function is 


A 2 ; 3 
U3 = Sie [$sin?+—1]sinw. (33 
2 a 

From this, we find, for the eccentricity, a tern 
which, like the observed term (18), is of the 


form C, sin w, namely, 


3 A300 sin 4 5 . . 

deg = 5 Lt — Esintijsine (34 
(Moulton, p. 399) and for the inclination j 
" Ag3.0€ COS 4 agen : 
Apa a -Gane £08 f [1 — $sin?z]sinw. (35 


2 na‘n’ 


For the time rate of change of the argument 0 
perigee and node, Kozai (1959) has found tha 


‘ in addition to the first order terms it is necessar 


to include the second-order effects resulting fron 
the periodic changes in eccentricity and incli 
nation on the motion of the node and perigee 
namely 


d ; 

a = K,A30sin w +3 = Ae, +3 Aig (36 
and 

do 2 

vr = ee 0 sin w += * ne += a (Se 


Hence, for the argument of perigee we find 


3 € cos? 1A3,9 | 


Aw; = —S" (4 sint?z — 1] cosw 
2 na®n'sin 4 Le J 
3 sin 1A30 Petes 
SS ee 2 
—+- sin?2 — 1 ]cosw 
2 ena‘n’ Le J 


Ye) dw : 
+52 f sear +S? f ainat 


and for the node 


(38 


1959 September 


3 € cos 1A3.9 
2 na*n'sin + 


an 00 : 


AQ; = [1 — 42 sin?7] cos w 


Substituting the numerical values, we find for 
the ratios of the perturbations (the angular per- 
turbations being expressed in radians) the values: 
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We can reconcile these fairly well with the 
observed ratios: 


C. 


C, 
Fee or +4.6; = els Ooy 
if we use only the third harmonic. However, we 
repeated the above analysis for the fifth har- 


monic to see if a combination of the two odd 


Cae Cos _ a So eens zonals might better fit the observations. We find 
Cis yACC. 5:5; G are the perturbation function to be 
Aso : ! : ’ 
Us = FALe ~ (63 sin® ¢’ — 70 sin* $’ + 15 sin ¢’) (40) 
and perturbations of 
15 siniA ; Ao Ae ; 
Aes = — = ai ——_—*" [22 sint i — 7 sin?z + 2] sin w (41) 
. _ 15 €cos7A5,0 Papo. : 
Ati = ia aa? [22 sintz — 7 sin?z + 2]sinw (42) 


15 € cos? 17A5 9 


1 sintz — 7 sin?z + 2]cosw + 


00 0@ 
sof Aeoat + $2 


: =f Ais dt (43) 


Aw; = as 195 sintz — 21 sin?z + 2]cosw 
| 8 sin zna’n’ [ J 
15 sin Laat ae ye 
8 ena®n’ 
15 €cos7A5,o 
Ao, = — 2 


8 sin ina®n’ 


whose ratios.are, with the standard elements: 


Cs Cas Cos ro 
pore ag PT it825 co = 


Note that the quantity C; yields no additional 
information, because the odd zonal harmonics 
affect the inclination in a way which is closely 
related to their effect on the eccentricity. Spe- 
cifically, since the zonal harmonics are rotation- 
ally symmetric around the axis of the earth, they 
cannot exert a torque around this axis. Since the 
orbital angular momentum, for a given value of 
‘the semi-major axis, is proportional to 


Vp = Vai =) 


where p is the semiparameter, it follows that 


(45) 


(46) 


The perturbations in i are, therefore, intimately 
related to those in e, and since they are subject 


V1 — &cosi = const. 


; [22% sint i — 21 sin’ + 2]cosw + 3~ Of sesae + 32 off ica 


(44) 


to much larger accidental errors, they yield no 
information about the zonal harmonics. 

We have, therefore, three equations, C., Ca, 
and Cg, respectively, to determine the coefficients 
A; and A; o. Substituting numerical values, and 
giving the equations weights respectively of 
(7.5)?, 1, and (3.5)?, based on the residuals of 
Table I, we have 


+1.27 Aso — .068 Aso = +.32 (47) 
+ .93 Aso — .075 Aso = +.19 (48) 
+ PAF/ Azo + 092 Aso = +.08. (49) 


A least squares solution of the three equations 

gives 

A3o= +.25 +.03 (megameters)® (kiloseconds)~? 

Aso=+.2 +.3 (megameters)® (kiloseconds)~. 
From the physical point of view As,» is sur- 


prisingly small as may be seen by considering 
the coefficients of the surface gravity gs 0, g4.o and 
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25,0, corresponding to our values of A3,0, A4Qo, 
and As, 

g3,0 = +4.7 milligals 

24,0 = + 5.0 milligals 

2s, = +0.2 milligals. 


Since As. is less than its mean error, it is 
believed that the value given here should be 
regarded rather as a rough upper limit than as a 
determined quantity. It has not been used in the 
calculations of the O—C’s or the figures. 

In order to complete the discussion of the 
Vanguard orbit and of the earth’s field, we attach 
a discussion of the orbital semi-major axis and 
the zero-degree harmonic of the earth’s gravi- 
tational field. 

The semi-major axis, a, as quoted by the Van- 
guard bureau, is effectively only a disguised form 
of the mean motion. In the differential correc- 
tion for a, the principal term contains the co- 
efficient (t — t). This term gives the correction 
to a arising through the mean motion. There is 
also a term proportional to the zenith distance 
of the satellite, which expresses the correction 
to the scale of the orbit, and hence to a. If, 
however, the arc under consideration covers more 
than about I radian (as in practice it always 
does) the first-mentioned term outweighs the 
second. In effect, therefore 

= (0.806832 2)—3, (50) 
where 1 is in radians per kilosecond. 

In Table I, column 1 lists the values of a 
obtained by the Vanguard bureau on the basis 
of differential corrections; column 2 lists the 
differences between column 1 and the values ob- 
tained from by equation (50) above. These 
two derivations are independent; that of the 
Vanguard bureau depends upon the movement 
of the satellite within a period of a few days 
around the epoch; while that calculated by us 
results from differencing the mean anomalies at 
three successive epochs. 

To express a in linear units we require the 
value of the product of the absolute constant of 
gravitation, G,; by the earth’s mass, Ma, since 


(51) 


The best method of doing this is to make use of 
the moon’s motion, for which a similar equation 
holds 


na = GMe. 


nCaG = GMe(1 + 6)*(1 + 4). (52) 
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The value of (1 + 8) can be found from Brown 
(1896, pp. 120, 124); it is a correction for the 
action of the sun, having the numerical value 
1.000 9130. The correction (1 + yu) for the mass 
of the moon is derivable from the determination 
of Rabe (1950), which appears the most reliable; 
it has the numerical value 1.012 288. 

For the distance of the moon at the time when 
its parallax has its mean value, we have gone 
to the radar measures of Yaplee, Bruton, Craig 
and Roman (1958). These authors do not give 
the desired figure, but they state from their 
measurements that the earth’s radius is deduced 
as 6.378 388 megameters, assuming a parallax of 
the moon of 3422770. The corresponding meas- 
ured distance calculated from the above figures 
is (with mean error estimated by the present 
authors) 


384.403 + .0O1 megameters. 


For the value of 2c we use the lunar period as 
given by Brown (1896) p. 124. 


27.321661 days. 
Whence 


nc = 2.661 6995 X 107% rad./kilosec. 
Substituting, we find 


GMe6 = 398.618 + .003 (megameters)? 
(kiloseconds)~. 


This value is in satisfactory agreement with 
terrestrial measurements, as has been pointed 
out by W. L. Kaula (1959, private communica- 
tion), who found that the radius of the earth 
deduced by comparison of terrestrial and cosmic 
measurements of GM@ is reasonably close to the 
triangulated value. ee 

This completes our theory. To summarize, we 
have represented the elements of the Vanguard 
satellite as published by the computing center 
by means of an arbitrary function of the time 
(the mean anomaly), and ten arbitrary constants, 
namely the six elements for the 26th of March 
and the following potential in (megameters)? 
(kiloseconds)~ 


Ly 398.618 
iF if 


17. 238 


po 


= 


(53) 


a: 


1959 September 


The agreement of our theory with the Van- 
guard orbital elements is indicated by the figures 
and by Table I. 
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Figure 3. Inclination versus lifetime (7 in radians). 
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Abstract. NGC 330 is much brighter than any of the other compact star clusters in the Small Magellanic Cloud. The 
magnitudes of its brightest stars are comparable to those in h and x Persei in our own Galaxy. Its color-magnitude 
diagram is different, however, having more red supergiants and having them placed further to the blue, with a narrower 
Hertzsprung gap. The diagram also shows a break between the main sequence and the further evolved supergiants. 

These results confirm the results found for NGC 458, the somewhat older ‘“‘blue globular cluster” reported in SHP VI, 
If the differences in color-magnitude diagrams are attributed to differences in chemical composition, we must conclude 
that stars as young as a few times 10° years in the SMC have different chemical composition than those in our own Galaxy. 

The initial indications from relative densities of different kinds of stars in the color-magnitude diagrams of the fields 
suggest that the centroid for old stars is displaced from the centroid of young stars in the SMC. 


1. Introduction. The star cluster investigated 
here, NGC 330, is, with the exception of the loose 
group of stars NGC 371, the brightest and most 
conspicuous cluster in the Small Magellanic 


Cloud. Although NGC 330 is compact and fairly - 


rich, its brightest stars are very luminous and 
cover a considerable range in color. Therefore, 
it was at no time assumed to be a globular clus- 
ter. Its color-magnitude diagram was, rather, 
assumed to be like that of h or x Persei. The 
fact that geometrically these clusters would prob- 
ably appear similar if they were at the same 
distance strengthened the supposition.. (If we 
take 30’ as the apparent diameters of the h and 
x Persei clusters and their distance as 2300 par- 
secs, then their real diameters are of the order 
of 20 parsecs. NGC 330 has an apparent diam- 
eter of 1/3, and, if we use an SMC modulus of 
19.2 mag., therefore has a diameter of about 25 
parsecs.) At the start, since they contained poten- 
tial information on the distance modulus, highest 
priority was given areas containing supposedly 
true globular clusters and areas near the edge of 
the SMC where faint main-sequence stars could 
be measured (SHP III, V and VII). Even when 
small differences began to be evident between 
the color-magnitude diagrams of stars in the 
SMC and in our own Galaxy, it was felt that 
these differences would disappear when brighter 
younger stars were observed. This was primarily 
because the spectra of the more luminous stars 
in the SMC did not seem to have peculiar abun- 
dances relative to the stars in our own Galaxy 
(Feast and Thackeray 1958). 


* Publications of the Goethe Link Observatory of Indi- 
ana University, No. 26, 


In completing the color-magnitude diagrams 
for clusters and field regions in the SMC, how- 
ever, the greatest differences of all between the 
SMC and our own Galaxy have been found in 
the youngest cluster (NGC 458). The results 
reported here for NGC 330 add two important 
points: 1) They confirm in every respect the 
unusual nature of the NGC 458 diagram, 2) They 
indicate that these differences extend to stars as 
young as a few times 10° years. 

2. Magnitude standards. The photoelectric 
magnitudes were measured in exactly the same 
way as described in previous papers in this series’ 
(e.g., Arp 1958). The stars actually measured in 
the region ‘of NGC 330 are identified by letter 
in Plate I and listed in Table I. All the stars in 
Table I are reduced to star i as a zero point of 
magnitude and color index. The adopted values, 
which are the final magnitude scale, are listed in 
the last two columns of Table I. These adopted 
values are the photoelectric values smoothed by 


TABLE I. MAGNITUDE SEQUENCE NEAR NGC 330 


Photoelectric value Adopted value 
V B V B 


i 12.35 12.85 12.35 12.92* 
a 13.10 13.81 13.09 13.80 
b 13-95 14.85 13-97 14.90 
Gar" Wy Pict er ae eR ies re 14.39 14.26 
d 14.58 15.50 14.63 15.69 
e 14.98 16.21 14.91 16.20 
f 15.05 15.05 15.05 14.84 
g 15.92 16.01 15.93 16.02 
h 16.11 16.60 16.27 16.40 
j 17.14 18.43 16.65 18.64 
k 17.67 17.64 17.02 16.97. 


(18.40) (17.98) 


_ 


18.41 18.12 
* Local Standard (SHP II). 


ty of NGC 330. 
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Plate II. Stars measured near the center of NGC 330. 
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taking an average of iris-diaphragm measures 
made on from one to four photographic plates, 
depending on magnitude level, in each color. 

In a crowded region, such as near NGC 330, 
the accuracy of the photoelectric measurement is 
reduced by background stars infringing inside the 
10” diameter diaphragm which was generally 
used. In addition, the general light level makes 
measurement below about V = 18 mag. very 
difficult. It improves the internal consistency of 
the standard sequence greatly to measure it on 
photographic plates with iris diaphragms which 
are of the order of a few seconds of arc in diam- 
eter. At the same time, in the average, the sys- 
tematic accuracy of the photoelectric magnitudes 
is utilized. 

3. Photographic magnitudes and colors. Two 
short exposure plates in each color taken with 
good seeing were measured to obtain colors and 
magnitudes of the brighter stars in NGC 330. 
Table II lists the results for 46 stars within a few 
minutes of the cluster center. As can be seen 
from the identification chart, Plate II, most stars 
above V = 16 mag. in the cluster have been 
measured. In addition, by noting the population 


12 
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TABLE II. BRIGHT STARS WITHIN 58” OF CLUSTER CENTER 
(REGION I, AREA = 2.91’) 


No. V B-V No. V B-V 
I 13.49 —.o1 24 15.79 —.19 
2 14.53 -9I 25 15.12 —.14 
3 14.45 129 26 13.76 1.15 
4 15.81 —.10 27 15.56 —.16 
5 14.97 — 22 28 15.92 =n 25 
6 16.07 Sanat 29 14.75 1.53 
7 15.66 14 30 15.61 53 
8 13.25 .00 31 14.58 34 
9 12.55 .24 32 13.70 1.60f 

10 13.30 1.60 33 12.98 +52 

II 15.907 —.24 34 15.00 — .26 

12 14.07 1.47 35 12.60f .40f 

13 14.82 — .32 36 13.9T 1.57 

14 12.99 -02 37 14.27 1.57 

15 15.36f — .20 38 14.0 Teal 

16 12.88 .60t 39 15.66 —.22T 

17 13.34 1.56 40 12.98 .02 

18 15.91 tO 41 12.73 1.60 

19 13.897 T2017 42 14.21 1.38 

20 13-34 — .04 43 13.29 1.54 

21 14.10f 1.407 44 15.30 —.26 

22 15.4} —.257 45 14.52 —<29 

23 13.20T 10t 46 14.63 — .25 
* Var. 


+ Eye estimate. 


of an area of similar size in the field, it is apparent 
that almost all of these 46 stars are cluster mem- 
bers. In some cases where the crowding was 


NGC 330 


16 8 20 22 24 


B-V 


Figure 1. Color-magnitude diagram for NGC 330. Almost all stars are cluster members. The cross represents 
the very approximate place of a suspected variable near the center of the cluster. 
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excessive or background light high, eye estimates 
rather than iris-diaphragm measures were made, 
and these are noted in each case in Table II. 

In order to obtain a color-magnitude diagram 
of the surrounding field, all stars brighter than 
about V = 17 mag. were measured in an annular 
area of 32.9 square minutes around the cluster. 
In Table IIIa, 102 of these stars are between 
about V = 16 and V = 17 mag. In Table IIIb 
there are listed 45 additional stars which are 
brighter than about V = 16 mag. The latter 
stars are assigned numbers in the 200 range. 

4. The color-magnitude diagram. Figure 1 shows 
the color-magnitude diagram for NGC 330. For 
the brightest 33 magnitudes the cluster color- 
magnitude diagram is clearly and cleanly defined 
and, as mentioned previously, no more than one 
or two stars are apt to be non-members projected 
from the adjoining field. 
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The main sequence is narrow and well popu- 
lated from faint magnitudes to about My = 
—4.5 mag. At this point the color indices indi- 
cate stars of spectral class early B. Then there 
is a sharp break of one magnitude in which there 
occur no stars. From My = —5.5 to —6.5 mag. 
we encounter stars with color classes which corre- 
spond to A and F supergiants. Thereafter we 
find a relative absence of stars until the red 
supergiant branch sets in at about My = —5 
mag. and a color index between B— V = 1.2 and 
1.4, bending sharply up to My = —6 at B—V 
= 1.6 mag. These red supergiants have colors 
which would indicate spectral types of about K. 

The differences between this diagram and the 
one for h and x Persei (Sandage 1957) are large. 
In hand x Persei the main sequence runs smoothly 
up, without a break, to My = —7 mag., but 
stops much bluer at about B— V = .1 mag. The 


TABLE III. STARS IN REGION OUTSIDE OF CLUSTER 
(FROM I/0 TO 3/4 = 32.91)’) 


a. Faint Stars 


V B-V V B-V 

I 15.57 -35 26 16.89 — .09 

2 (17.05) —.o1 27 16.37 = .29 

3 16.30 —.1I 28 16.88 1.05 

4 16.55 -26 29 16.50 .88 

5 16.80 1.47 30 16.99 1.05 

6 16.53 — 15 31 16.65 1.47 

7 16.29 — .02 32 15.29 .69 

8 16.60 = .09 33 16.67 ale 
9 16.89 1.04 34 16.75 — .05 
10 16.72 1.30 35 16.98 ke 
II 16.91 — .05 36 16.99 1.00 
12 16.25 — .22 37 16.98 = 
13 16.64 — .04 38 16.88 1.52 
14 16.96 —.10 39 16.73 — .09 
15 16.09 = 19 40 16.71 — .03 
16 16.53 Ol 41 16.69 =o i, 
17 16. 04! BIO he OSs cea 
18 (17.20) 1.09 43 16.42 eid 
19 (17.45) —-11-34 44 16.30 —.14 
20 16. —.20 45 16.85 SH AOS 
21 16.86 —.14 46 16.89° —.12 
22°. (5723) -02 47 TA. 12 —,27 
23. «(17.07) -10 48 16.57 2.20 
24 16.91 .88 49 16.47 70 
25 15.07 =—.14 e{) 16.18 —.09 


b. Bright Stars 


ZOU eta waz .02 212 ail An Az -30 
202. 14.38 1.61 213. «14.04 1.69 
203. =14.02 1.25 214 14.53 1.38 
204 15.79 eae PL left 15 
205 13.69 1.50 216 =15.52 a Hey 
206 14.42 Soi p 217 ASA) -44 
207. 14.93 =. 10 218 15.40 — 42 
208 15.59 es) 219 +=14.41 -03 
209 =«115.62 — .36 220 = 115.377 .04* 
210 14.19 1.39 221 15.85 ~ .28 
211 13.86 04: 222) 5 1408 a 5179 


* HV 1689 (P = 6988) not plotted. 


V B-V 4 B-V 

51 16.85 1.44 77 16.27 —.18 
52 16.69 mais 78 13.43 80 
53 16.91 1.52 79 16.50 = 10g 
54 15.88 88 80 16.29 —. 
55 15.90 1.07 81 16.74 -99 
56 On 77) Mei 82 16.31 08 
57). 16200,9 =. 17 83. 16.27 64 
58 16.69 O02 84 14.92 — sie 
59 16.40 — .08 85 15.77 1.40 
60 16.59 —.07 86 16.19 1.63 
61 16.13 -47 87 15.90 —.01 
62 16.13 -26 88 15.80 .08 
63 16.82 —.21 89 16.11 36 
64 15.19 -92 90 16.13 -49 
65 17.09 = Ag gI 16.47 1.53 
66 16.75 -09 92 16.33, .66 
67 16.61 Seite 93 16.48 = |e 
68 16.69 ek 94 16.46 —.04 
69 16.58 -43 95 16.50 1.54 
70 16.72 .63 96 16.23 — .04 
71 15.92 —20 97 15.99 -90 
72 16.31 1.39 98 16.68 17 
73 16.10 — .02 99 16.88 = Om 
74 16.72 — 15 100 16.74 03 
75 15.98 -98 IOI 16.49 Ol 
76 12.49 2.08 102 16.24 15 
223 «15-54 -08 234. 15.54 07 
224 «1 13-48) (1.76) 235. «15.77 | =. 8 
225 15.43 Tey, 236 15.18 “(1 .5e 
226 16.20 Oz 237. +15.49 92 
227 15.40 # (1.18) 238) mdnaa — .26 
228 - 14.89 © —.27 239 15.00 58 
229 +=«©16.22 — .05 240 15.01 = ae 
230 15.07 .02 241 Sean 2.4. 
231 16.02 —.25 242 15.36 1.5 
232 15.86 —.27 243 «13-53 18 
233 + =15-49 = AO 244 15.02 baal / 
245 %14.80 —.18 


- 
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red supergiants in h and x Persei run from about 
My = —7 at B—V = 1.6 mag. to My = —q4at 
B—V = 2.0 mag. In other words, the NGC 330 
red supergiants are bluer than those in h and 
x Persei, and the Hertzsprung gap between the 
red and blue evolved supergiants in h and x Persei 
is 1.5 mag. (B— V = .1 to 1.6 mag.) but in NGC 
330 it is only about .6 mag. (B— V = .6 to about 
1.2 mag.). 

5. Variable star. In a crowded and difficult 
position to measure is a star (Table II, No. 19) 
whose brightness differed by nearly a magnitude 
on the two V plates. A very approximate mean 
of the measures on two plates enables it to be 
plotted in Figure 1 with a cross. It probably is 
a cepheid member of the cluster, but we have no 
independent idea of its period or accurate mean 
magnitude and color. A check on the variability 
of this star would be valuable but would require 
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a number of high-resolution plates for a light 
curve to be derived. 

6. Color-magnitude diagram of the field. The 
crowded state of the “spine” or ‘“backbone’’ 
region of the SMC in which NGC 330 is imbedded 
and the limit of the magnitude sequences prevent 
a color-magnitude diagram in the field from 
reaching fainter than V = 17 mag. This diagram 
is shown in Figure 2. The diagram enables us to 
state two properties of the adjoining field, how- 
ever: 

1) There are some stars in this central field 
region of the SMC which are as bright as those 
in NGC 330, but in general the stars which are 
present in the adjoining field are fainter than 
those in the cluster. 

2) The same features which are recognizable 
in the color-magnitude diagrams of the fields in 
other regions of the SMC are recognizable here. 


NGC 330-FIELD 


Ome Deas Geel O 8 2 Osae.2 aes 


B-V 


Figure 2. Color-magnitude diagram for the field adjoining NGC 330. 
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There are bright main-sequence stars and the 
associated bright giants to the red. Below V = 
16.5 mag. the beginning of the vacant region at 
intermediate color indices, which was charac- 
teristic of the previous diagrams, starts to appear. 
The most important and interesting region, how- 
ever, runs from V = 17 and B—V = 1.0 mag. 
to V = 16 and B—V = 2.0 mag. This is the 
region called ‘‘A’’ in Figure 3 of SHP III, and is 
the locus of the red giant stars in the giant 
branch of the SMC globular clusters. In this 
region the giants of the younger clusters do not 
appear (see NGC 458 where the giants occur to 
the blue of this region). Not only is the ratio of 
younger main-sequence stars to these older giants 
larger in this NGC 330 field, but the absolute 
number of these older giants is decreased from 
that in earlier fields. This enables the first con- 
clusion : 

6. Conclusions. 1) In a region of 38,500 square 
seconds in the field adjoining NGC 419 there are 


11 stars which fall in region ‘‘A” of the SMC 


globular cluster red giants. In a region of 32.9 X 
3600 = 118,000 square seconds near NGC 330 
there are only 18 candidates. This means that, 
per unit area, there are almost twice as many 
SMC globular cluster-like stars in the field near 
NGC 41g than there are in the field near NGC 
330. The numbers are large enough to be signifi- 
cant. Moreover, the most likely error would be 
to count stars not of the globular cluster type 
which accidentally infringe into region “‘A’’ in 
the NGC 330 field. Such an error would only 
strengthen the conclusion that the older SMC 
stars, represented by the SMC globular clusters, 
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are centered nearer the NGC 419 region while the 
younger stars are centered nearer the NGC 330 
region. This conclusion could already be deduced 
from the fact that on small-scale, short-exposure 
visual plates, the center of the bright stars is, 
naturally, in the “lamb-chop”’ of bright stars. 
On longer exposure plates, however, the whole 
southeast wing of the SMC gets filled in with a 
diffuse light. The brighter stars obviously then 
are not centered but form more of a bright edge 
to the centroid of fainter redder stars. Unless 
absorption complicates the picture, this result 
suggests that the regions of recent star formation 
may be displaced, non-concentrically, from the 
regions of earlier star formation. 

2) The second major conclusion, of course, is 
that the difference between the color-magnitude 
diagrams of NGC 330 and the clusters of com- 
parable age in our own Galaxy must-be due to 
different chemical composition (see SHP VI). 
The observation that there is no conspicuous 
metal deficiency (Feast and Thackeray 1958) 
between the spectra of bright stars in the SMC 
and in the Galaxy can only be reconciled by 
assuming that the changed chemical composition 
is sufficient to change the structure of the evolv- 
ing stars, and hence their place in the color- 
magnitude diagram, but is not sufficient to Chan 
the appearance of the spectra. 
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Abstract. The periods of 43 of the 70 variables studied in this paper have been revised. Nineteen new variable periods 
have been found. No certain minima of SV Gem could be found. Unless a phase shift of —o?3 has ee the ampli- 


tude of minimum now must be less than 0.2 mag. 


Thirty-seven of the 70 eclipsing stars studied 
in this paper have variable periods. For 19 of 
the 37: TT and UU And, TU Cnc, EN Cas, SS 
Cet, UW, GM, MR, V346 and V382 Cyg, RZ 
Dra, BO Her, UW Lac, RW Leo, AQ Peg, WY 
Per, BN and BO Sgr, and AT Vul, the variation 
of the period is not indicated in the Second 


Edition of the General Catalogue of Variable Stars 
(Kukarkin et al., 1958). 

Most or all of the work on five stars was done 
by the following student assistants: Constance E. 
Southern (EN Cas, MY and V346 Cyg), James 
W. Cafky (SW Cyg), Phillip Sprankle (V4o1 


Cyg). 


1959 September 


Table I contains the elements used to compute 
the residuals in Table II. The elements with 
asterisks are new or revised. The others, unless 
noted in the following list, are from the Second 
Edition of the General Catalogue of Variable Stars. 


SS Cet: Eo by Tsesevitch (1953). 

UW Cyg: P taken from Fifth Supplement to 
the General Catalogue (1948). 

WZ Cyg: and P by Miss I. Kurzemniece 


(1950). 
V346 Cyg: Ey by Petrov (1946). 
V401 Cyg: P quoted by Kordylewski (1958). 


BO Her: £ by Kordylewski (1957). 

FL Ori: £o by Piotrowski (1934). 

AQ Peg: Ey and P by Whitney (1957). 

UX Mon: £, and P by Whitney (1956). 
RW Per: P by Woodward (1943). 

WY Per: &, and P by Hoffmeister (1921). 
AT Vul: isthe normal minimum by Lause 


(1937). 


Stars whose periods are variable are indicated 
by V following the period in Table I. The first 
column of Table II lists the numbers of observa- 
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tions used in determining the time of minimum. 
In case of a normal minimum, the number of 
separate minima involved is shown in the second 
column under m, with exceptions of CV Cyg and 
DF Hya, for which only the numbers of obser- 
vations in normal minima are given in paren- 
theses. 

Notes on individual stars: 

SU Agr. One minimum, JD Hel. 2427723.607, 
E = —7290, O—C = +0%004, was determined 
from the observations of Dugan which were pub- 
lished by Wood (1951). All of Dugan’s observa- 
tions on one night, JD 2426671, were rejected 
for discordance. 

XZ Aql. The period has increased. The ele- 
ments in Table I satisfy all known minima later 
than 1949. 

SW Cnc. The residuals in Table II indicate 
no appreciable change from the period of van 
Schewick in the General Catalogue, but a shift 
of —0%037 in the epoch was required. 

UW Cyg. The first six entries for this star in 
Table II are from independent reductions of ob- 
servations by Wendell (1909). 


TABLE I. ELEMENTS 


Star Eo—2400000 iP, 
TT And 34237 -413 29765124* Vv 
UU And 28832 .465 1.48629 Vv 
WZ And 25918 .3323 0.69566224 Vv 
AM And 30696 .373 8.850510* 
SU Aaqr 35339-451 1.044698 V 
XZ Aql 36080.617* 2.139187* V 
RZ Aur 22616. 488 3.010620 Vv 
RY Cnc 20334-445 I .0929500 Vv 
SW Cnc 30495.651* 1.799211* 
TU Cnc 31550.728* 5.561452* Vv 
TY Cnc 31516.620* 2.768289* Vv 
TU CMa 26977.445 1.1278041* 
EN Cas 28728.48 4.437737" Vv 
IS Cas 28776.262 1.8415172 
SS Cet 30698. 160 2.973992* Vv 
SW Cyg 33160.669*  _4.572995* WE 
UW Cyg 19624. 501 3.450756 Vv 
WZ Cyg 28749 .221 0.58446590 
BO Cyg 22191 .473 1.7562273* 
CV Cyg 24454.422* 0.9834308* V 
GM Cyg 32408 .522* 4.745802* Vv 
KR Cyg 29106. 4027 0.8451517* 
KV Cyg 29468 .389 2.8389926 
MR Cyg 27013.615 1 .6770337 Vv 
MY Cyg 33849 .610* 2.002593* 
V345 Cyg 28635.568 2.075489* 
V346 Cyg 29220.776 2.743314* Vv 
V371 Cyg = 31993-95* 45.3796" 
V382 Cyg 27992 .458 1.885512* Vv 
V388 Cyg 28070.290 0.8590515* 
V4o1 Cyg 28838 .382 0.5827169 
V456 Cyg YG Sete 0.8911906* 
V474 Cyg 26631 .148 23 .65881* 
Vs500 Cyg 28860.222 0.9242137* 
RR Del 18183.422 4.599535 


Star Ey—2400000 2 
TT Del 30647 .212 24871063 V 
RZ Dra 29448.794 0.5508768 V 
SX Dra 32273.276 5.1692 V 
SV Gem 18662.488 4.0061216 ? 
AY Gem 34698 .381 3,.0536498 Vv 
BO Her 34193 .500 4.272827* Vv 
V338 Her 33771 .38 1 .305732* 
DE Hya 31149.151 4.227678* 
DF Hya 31138.231 0.3305990 
TW Lac 34049 .593* 3,.037520* Vv 
UW Lac 29158.17 5.290000* V 
RW Leo 24993 -458 1.6825365* Vv 
UU Leo 26384.441* 1.6797459* 
UX Mon 18602. 84 5.904574 Vv 
RV Oph 23997 .3833*  3.6871222* 
UW Ori 14307 .439* 2.038127* 
FL Ori 27452.271 I.550971* Vv 
FO Ori 31820.627* 18.80058* 
AQ Peg 33565.771 5.548514 Vv 
BB Peg 30285.755* 0.3615015* 
RW Per 29217 .587 13.198454 
WY Per 21827. 483 3.327106 V 
XZ Per 25150.439 1.151633 Vv 
Y Psc 35030.681* 3.765766* Vv 
XZ Pup 25850.943 2.192383 
BN Sgr 35370.493* 2.519653* V 
BQ Sgr 22224.378* 8.019537* Vv 
V467 Sco 26503 .430 2.413420* V 
RS Sct 29130.456 0.6642380 Vv 
SV Tau 32614.383 2. 1669111 
RS Tri 26559. 488 1.9089248* 
RR Vul 35035 -437 5.05070 
VV Vul 33266. 356* Brabraio 
AT Vul 28390. 405 3,.980365* Vv 
BU Vul 33533 -684* 0.5689926* V 
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fo Ful nn 


JD Hel. 
2430000 + 


TT And 


2138.700 
4549 .878 
5835.657 
6081.751 
6211.711 


UU And 


4,679 534 
6052.850 
6140 .566 


WZ And 
5481 .611 


AM And 


5732.320 
5838.522 
5077-480 
v112.884 
6174 .835 


6158.505 
XZ Aql 


5729-795 
5772.578 
5802.522 
6020.719 
6080 .617 


RZ Aur 
4.833.626 
RY Cne 


5158.778 
5168.616 
5251.681 
5533 .660 
5934-775 
6309.651 
6628.791 


SW Cnc 


0495.645 
0763.736 
1497.812 
2269 .676 
3003.748 
5934.668 


TU Cnc 


0760.991 
1550.742 
2156.917 
2301 .555 
2540.671 
2668 .580 
3007 .815 
3246.979 
5966.515 
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Table II. 


Observed Minima 


ARE Bw © 0 MOM oy 


FOr &N 


Oo OW 


eRurunwnwwPrreneb en 


Owe Fe 


NWP 


JD Hel. E 
TY Cnc 
522.739 1346 
5577 -698 1467 
5934.813 1596 
6330.676 1739 
TU Cma 
4.426.593 6605 
6597 .613 8530 
EN Cas 
0725451 450 
1404 431. 603 
2114468 763 
2806.776 919 
4293415 1254 
6485 . 67 1748 
IS Cas 
6057 .612 3954 
6077-871 3965 
SS Cet 
6214.914 1855 
6247 «634 1866 
6604..508 1986 
SW Cyg 
3160 .669 fo) 
4,683 .476 333 
5963.916 613 
W Cyg 

(2h )5676.812 “1144 
5683.711 -1142 
5690.616 -1140 
5704419 -1136 
5721.678 -1131 
6822 .465 - 812 

(243 )0573 804 3173 
2709.73 3792 
3154.912 3921 
3506.881 4.023 
3627 .647 4058 
3634 .695 4118 
3848.508 4122 
4683 .594 4364 
5456.546 4588 
5770 .564 4679 
5963-798 4735 
6008 .670 4748 

WZ Cyg 
6026.712 12451 
6028.754 12455 
6495.749 ~~ —-13254 

BO Cyg 
2054 .by1 5616 
3211.802 6275 
4026.700 6739 
5417621 7531 
5654.711 7666 
6030. 544 7880 
6181.585 7966 
6446 .767 8117 


: 
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f 
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n m JD Hel. E 
) 2 2407 «920 90 
10 6 2786.682 515 
Go 5 3113.746 882 
3 3 3564.697 1388 
4 3 4161.790 2058 
Ga 63 4.596.696 2546 
3 5089.520 3099 
Tees 6070.722 4200 
V47h Cyg 
6 6023.694 397 
2 6071.012 399. 
3 6449 559 415 
V500 Cyg 
2h 6110.678 7845 
15 6172.600 7912 
an 6440 .623 8202 
RR Del 
2 0666,.623 714 
et 3 1204.712 2831 
ye 3 1673.856 2933 
ea 2115.49 3029 
ra 3 2437 398 3099 
4 2800.758 3178 
Aa 3145.708 3253 
6 5753-650 3820 
3} 6075634 3890 
TT Del 
Bi 2 1347.761 eh 
17 5 2111463 510 
Big 3 2768.932 139 
21 2 2820.609 751 
5 3 6162.574 1921 
15 3 6515.677 20hh 
RZ Dra 
7 5033.578 10138 
12 5241.807 10516 
n 5294 688 10612 
20 6079 .693 12037 
SX Dra 
3 5033.64 534 
2 5333437 592 
4 54.05 .820 606 
6 5431.658 611 
6 5679.781 659 
13 6098, TO 
18 6413 .814 801 
AY Gen 
18 5165.573 153 
6 5510.638 266 
12 5571.704 286 
12 6194. 664 490 
12 6249.608 508 
BO Her 
6 5697 .535 352 
18 5731-717 360 
12 5778-719 371 
12 5808.630 378 
22 5996.633 422 
6 6449 .556 528 
Vv338 Her 
18 5647.711 1437 
12 5651. 644 140 


Table II. 


(continued ) 


yFFENA 


AWW 


Ww 


18 


11 


Mwnwmny Pw 


Wow 1 


JD Hel. 


5698.643 
5963.708 
6006.793 
6031.595 


DE 


74.527 
1774.851 
2979 TH 
5579-754 
5934 ..867 


DF 


0677 .048 
1204.677 
1497 .927 
1937.615 
2675856 
3382.658 
522.608 


TW 


6151.561 
6558.58 
6561.620 


UW 


3088 .646 
3273-778 
5389 .793 
5712.477 


RW 


5241.788 
5549.695 
5623.725 
6249, 624 


wu 


521.745 
5567.612 
5997 626 
6227 .748 


ux 


6227 .992 
6635.383 


RV 


2005.811 
227k .974 
3797-754 
5696.623 


W 


5428 .548 
5432.622 
5483 .614 
5808.680 
5910.573 
6287.615 
6558.672 
6561. 741 


FL 


0285.879 
0310.694 
0313.796 
0352.576 
0372.732 


Hya 


lac 


lac 


leo 


leo 


Mon 


Oph 


Ori 


10390 
10549.5 
10599 +5 
10785.5 
10917 .5 
10919 


Ori (pg) 


1827 
1843 
1845 
1870 
1883 


ope Se) 
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worFerwk 


= 
MAW AO 


=] 


ss 
OWWH FNA FRANCO OHANWMP 


abe 


NWF enh 
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JD Hel. E 
0400 ..649 1910 
1847 .728 2834 
1858.583 2841 
2517-755 3266 
3347 .529 3801 
3651.519 3997 
3654 623 3999 
4459 .571 4518 
4780 .620 4725 
6635 .611 5921 
6649 .568 5930 
FL Ori (pv) 
0324 ..655 1852 
1861 .689 2843 
1875.646 2852 
1889 ,604 2861 
2140.866 3023 
2151.720 3030 
2154824 3032 
2176.539 3046 
2182.744 3050 
2207 «560 3066 
2210.660 3068 
2517-761 3266 
2796-933 3446 
2869 ..836 3493 
2953-585 3547 
3288 ..600 3763 
4.079.588 4273 
FO Ort 
0410.61 - 75 
1820.625 0 
2553-845 39 
3569 093 93 
452,698 BET) 
5204.734 180 
6257 «557 236 
AQ Peg 
6073.701 452 
6112.540 459 


BB Peg (Primary) 


1731-756 4,000 
1783 .455 4143 
2433.801 5942 
2436.687 5950 
2473 567 6052 
2477 2538 6063 
2479.710 6069 
4711.615 12243 
5468.60} 14337 
6056.764 15964 


BB Peg (Secondary) 


2433631 ~ 5941.5 
2436.866 5950.5 
2451697 5991.5 
2455 «683 6002.5 
2477 «744 6063.5 
RW Per 
5130.469 448 
5420.840 470 
5698.020 491 
WY Per 
cage 4323 
0.515 4309 
6446.775 4394 


Table II. 
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Ww Fw 


WwW ouw-— 


rPWwWhWw 


www 


wi 


Mau 


FM FW 


FUWrenp 


w Vw 


Nw 


JD Hel. 


6536.605 
XZ Per 


5062.538 
5450.638 
5510.532 
6194589 


Y Pse 


5030.678 
5064.576 
5098 .466 
5467 .507 
642.843 
6480 .501 
6495 566 


XZ Pup 


5556.632 
6308.622 


BN Sgr 


4929543 
5365.468 
5370.480 
5725.783 
6050.792 
6078.522 
6423.717 
6481.650 


BQ Sgr 


5007 523 
5368.390 
5392.460 
6138.290: 


V467 Sco 


4798.630 
5459535 


RS Tri 


5691.787. 
5863 .583 


RR Vul 


3651.554 
3949 548 
6459.740 
6540.556 


VW Vul 


3266.354 
3617 722 
4388,672 
5125 .929 
6510.512 


9953 


1008 
1313 


~ 4784 


4874 


-27 4 
-215 
282 
298 


oe 
bal 


9 
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Table II. (continued) 


ie nm JD Hel. E o-C n n JD Hel. Ez Orene 
| 
| CV Cyg (Primary) V345 Cyg 
(26) 2260 .874 7938 - .022 5 5 2296.728 1764 = = -.003 
| 033) 3029.927 8720 - .012 5 2 2720.72 2002 027 
(67) 3226. 607 8920 - .018 9 4 3201. 639 2200 = .005 
(44) 3506.891 9205 =), O12 1h 8 3554 474 2370 - 003 
(38) 3878.645 9583 +006 233. «20 3886.559 2530 004 
(45) 4.296.602 10008 2005 6 4 4301.639 2730 - O14 
(31) 5299699 11028 .002 4 2 4633.718 2890 =, 013 
2 5345 .628 3233 .004 
CV Cyg (Secondary) 
V346 Cyg 
(25) 2296.795 7974.5 -004 
(43) 2826.868 8315.5 .008 3 2 2172.598 1076 016 
(2h) 3002.903 8692.5 009 5 4 2408.518 1162 O11 
(28) 3200 .570 8893.5 -006 4 6 2800.816 1305 015 
(50) 3486.742 9184.5 000 10 4 3069 .650 1403 004 
(35) 3849 .635 9553-5 007 8 4 3508.576 1563 .000 
(30) 4329 .539 10041.5 -  .003 6 5 3848.736 1687 Se oll 
(47) 5332.649 12061.5 .007 8 3 4158.751 1800 -010 
4 2 5091 447 21ho - 021 
GM Cyg 5 2 5686.750 2357 - .017 
9 3 6070 .829 2497 =) 4002 
n 3580.730 2u7 - .005 
18 3618.703 255 001 V371 Cyg 
3 4.135.972 364 - .022 
3 4591.594 4.60 -003 2 0587.2 - 32 0 
h 5075-675 562 <012 9 2 1994.0 0 .0 
12 6029 569 763 +000 9 2 2311.7 it <t 
12 6138.721 786 001 14 3 2hh7 69 10 Le 
aia) 5 2765.4 17 0 
KR Cyg 95 5 3128.5 25 ant 
133 5 3536.9 3h ne) 
ao’ 66 2296.847 3775 - .003 14 5 3854.6 ky ol 
22 14 2821.684 4396 - ,006 9 4 4217.4 kg a ee 
26 13 3226.516 4875 - .001 2 5805.6 84 =e 
13 «8 3536.685 52h2 - .003 
ah 8 3923 ..766 5700 - O01 v382 Cyg (Primary) 
92.5 4.213.661 6043 -007 
T 93 4.650.605 6560 -007 2 2172.607 2217 - .031 
4 5221.917 7236 - .003 30 n 2798.621 2549 - .007 
2 5774.650 7890 000 46 21 3111.623 2715 .000 
=o 9 3503 .600 2923 - .010 
KV Cyg 26 9 3886.563 3126 - .006 
23 nu 4182.594 3283 «000 
sane) 2182.436 956 - .031 16 4 5019.773 3727 012 
32 le 2795.690 u7je -001 ff 5 5483 .605 3923 -008 
per: 3096. 632 1278 2009 
Toe 7 3201.662 1315 - .006 V382 Cyg (Secondary) 
15 6 3536.669 1433 002 
12. & 3834.756 1538 - .005 12 6 2386.651 2330.5 007 
Wa 3 4.223.691 675 - ,012 43 LT, 3061.660 2688.5 -003 
5 3 4334462 714 .038 ke a 3834.713 3098.5 -004 
8) 2 4683 .637 1837 -O17 31 14 4296. 3343.5 - .002 
Ne 5089 .598 1980 -002 8 4 5337 465 3895.5  - .005 
5 2 5299 .668 2054 - 014 
2 5651.706 2178 - .ol V388 Cyg 
MR Cyg 8 5 2296.827 4920 -004 
19 14 2821.710 5531 .006 
3 2054.792 3006 -O14 12 8 3218.578 5993 - .008 
2 2740.675 3415 - .010 LG “oy 3584542 6419 -000 
6 53 3139.812 3653 - .007 6 4 3919.576 6809 2009 
9 6 3572.499 391. +005 tf 4 4223 .667 7163 - 009 
Bly 4308.712 4350 -000 9 3 5089597 8171 = ,003 
9 3 5430.649 5019 .002 
3 6037 .740 5361 .007 V4Ol Cys 
MY Cyg 2 2760.642 6731 - .007 
3 2 3091.633 7299 +000 
6 4 2379.701 -743 - .006 2 3577 618 8133 - 001 
an 8 3126. -361 -006 4 2 3919 .656 8720 - .O017 
8 5 3218.791 -315 - ,002 12 7 4215.694 9228 2000 
19 8 3849.611 Co) 001 5 3 4.923.701 10443 .006 
17 4 3919 .693 35 - .008 
2 4135.974 143 - .007 V456 Cyg 
Sa2 4.622.620 386 2009 
S232 5405 .624 TT = .001 3 3 2327736 0) +015 
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Table II. (continued) 
n m JD Hel. E o-C n m JD Hel. E o-C 
AT Vul BU Vul 
12 5057-514 1675 - .002 5 y 3533.688 (e) 00} 
6 5399 .822 1761 - .006 5 y 3949615 731 = .003 
6 5431.667 1769 - .004 5 Ts 4.238.669 1239 .003 
12 5650.594 1824 -003 y 3 4.622.734 1914 - .002 
6 5654.557 1825 - 014 2 5221 ..883 2967 - .002 
12 6020.782 1917 -O17 36 6522.603 5253 -001 
18 6410844 2015 004 
he 
TABLE III. V382 CYG NORMAL POINTS 

n Phase Mpg nN Phase Mpg n Phase Mpg 
10 o0P006 9.65 30 oP? 440 9.16 40 oF 700 8.83 
10 -O15 9.59 30 . 462 9.41 40 -734 8.76 
30 .031 9.46 10 .476 9.51 40 ie 8.78 
30 .057 9.25 10 484 9.57 40 .818 8.84 
40 .089 9.05 10 -491 9.59 50 . 860 8.88 
40 -142 8.94 Io -499 9-59 40 +904 9.03 
40 -192 8.82 10 -516 9.57 30 -936 9.18 
40 +232 8.77 10 +534 9-41 40 -959 9-39 
40 .266 8.77 30 . 562 9.20 10 -981 9.60 ° 
40 -326 8.81 30 -599 9.00 10 .988 9.64 
40 SATE. 8.89 40 - 632 8.88 10 -997 9.72 
30 -413 9.08 40 .665 8.82 


BO Cyg. At mid-minimum the variable is 0.5 
mag. fainter than a companion star, 0'4 sf. 

CV Cyg. The elements in Table I were deter- 
mined from all but the first two minima listed 
by Starikova and Sicheva (1947) and those in 
Table II. The latter were found from plots of 
separate groups of the 908 observations from our 
plates, the numbers in the first column being 
those actually used in finding the times of min- 
ima. A magnitude sequence from 6 plates in series 
with 3 of the north polar sequence agreed closely 
(mean difference +0.09 mag.) with magnitudes 
by Nassau and McRae (1949). Max. 11.00 mpg, 
Ai => A> = 0.48 Mpg. 

V346 Cyg. A magnitude sequence from 8 polar 
pairs led to the values Max. = 11.85 mpg, Ai = 
1.7 Mpg. A companion star, 0/4 sf, 13.8 mpg, made 
estimates in minimum difficult. 

V382 Cyg. A comparison star sequence was 
based on measures of 8 polar pairs. The light 
curve, from 1002 plates, shows a partial primary 
eclipse and a total secondary of duration d = 
003. That the secondary eclipse was total was 
found by Pearce (1952) from an analysis of his 
spectrographic observations and Petrov’s (1946) 
light curve. Max. = 8.77 mpg, A1 = 0.95, A2 = 
0.83. Normal points for the light curve are given 
in Table III. 


Sieg 


V474 Cyg. The minimum is not completely | 
observed, but d = ofo14 and the width midway | 
between maximum and minimum is ofo2. inf 

Vs5o0o Cyg. The variable is the nf component | 
of a pair of separation 0'3. The companion is | 
0.4 mag. brighter than the variable in maximum, | 
D-= 0816, d= 0°00. 

SV Gem. Estimates of 98 camera plates and | 
75 exposures with the reflector between 1953 and | 
1958 show no certain indication of an eclipse. | 
The widest gap in the series of phases, computed | 
with the reciprocal of the period by Miss Wood- | 
ward (1943), lies between of60 and of72. Miss | 
Woodward reported: ‘‘Minima seem shallower | 
in recent years.” Observations at computed | 
phases of eclipse were made on 8 dates between | 
1954 and 1958. The depth during the past 5 years | 
cannot have exceeded 0.2 mag. | 

TW Lac. The increase in period indicated by | 
the last two minima of my earlier paper (1957) | 
is confirmed by the recent minima. | 

RW Leo. d = 0.000. | 

RV Oph. The solution for the light elements | 
included the minima by Nijland (1931) and | 
Lause (1938) with those of Table II. There is no | 
evidence for a variable period. >| 

UW Ort. Several widely different periods were — 
published between 1904 and 1930. The dates of | 


959 September 


ninima by Luther (1911), excluding three on 
'D 2416500, 7944 and 8273 for which the re- 
iduals from the new elements were — 04068, 
—o%077, and —04098, have been used with those 
rom 408 exposures on 34 nights during the past 
hree years. The mean residual for Luther’s 15 
ninima is +o0%016, and for the eight recent ones, 
to%o012. The trend of the residuals indicates 
1 possible variation of the period, but this is 
1ot certain. Type: 8 Lyrae. No photographic 
sequence is available, but, approximately, A» = 
).7 Ai 

FL Ori. The variation of the period appears 
© be cyclic, with the cycle approximately 3800 
yeriods. D = oF 18, d = 0f000; Max.: 11.4 mpg, 
it-3 Mpv; Ai = 3.2 Mpg, 2:4 Mov. 

BQ Sgr. The initial epoch in Table I is the last 
late of minimum that could be determined from 
he observations by Woods and Shapley (1922). 
\ marked decrease in the period occurred some- 
‘ime later than this date. 

V467 Sco = HV 7882. The variation of the 
xeriod depends on a note by Miss Swope (1938), 
n which the period from 1889 to 1903 is given 
as 2741354. Miss Swope published no dates of 
ninima. 
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The greater part of this work was done with 
the aid of a grant from the National Science 
Foundation. 
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TRIGONOMETRIC PARALLAXES OF FIFTY-EIGHT STARS 


DETERMINED BY PHOTOGRAPHY WITH THE McCORMICK 26-INCH REFRACTOR 


By Z. OSVALDS anv V. OSVALDS 


Leander McCormick Observatory, Charlottesville, Va. 
Received February 16, 1959 


This is a continuation of the lists published 
previously in this journal and follows that of 
H. L. Alden in A. J. 62, 276, 1957. An asterisk 
before the serial number indicates additional 
information in the Remarks. 

This list consists mainly of dwarf M stars 
found spectrophotometrically by A. N. Vyssotsky 
et al. From the list of 90 stars by A. H. Joy and 
5. A. Mitchell (Ap. J. 108, 234, 1948) we have 
chosen all those which were on the McCormick 
parallax program but had not been measured. 
Trigonometric parallaxes have now been deter- 
mined for all the stars in that list except 20 C 90 
and BD +19°845. All second series in this list 
are from entirely independent sets of plates un- 
less otherwise stated. 

The first author measured the plates for 44 


stars and made the reductions for all 58. For the 
other 14 stars, marked by # after the serial num- 
ber, the plates were measured by Mrs. Bernice 
Vandervort. The second author is responsible for 
selection of stars and plates for measurement and 
the determination of dependences. 

This work was supported by contributions 
from the members of the family of the late 
Leander J. McCormick. 


REMARKS 


2008 This faint blue star was found by Vyssotsky (Pwd. 
A. S. P. 65, 48, 1953). According to this parallax the 
star is not a white dwarf. 


2010 BD +23°125. Measured on the same plates with 
BD +23°123, different reference stars used 


Ci 20, 99 = ADS 1104A; vis. mag. of companion is 
11.3. In series of 41 plates, binary measured on 31 with 
total weight of 28.4: = 1950.81, p = 27°7,d = 5"58. 


2011 
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1900. 0 Vis. Le Le Rel. 
No. Star R. A. Decl. Mag. Sp. Total Obs. Par. P.E-. 
2007 +=BD -13° 116 o'3é™4 13° 44" 10.7 MO 008 +0"! 026 +0''026 410 
*2008 BD -11° 162 047.4 -11 12 11.1 Ba 0. 04 - .041 - 021 8 
2009 BD +23° 123,2nd det. 0 48.9 +23 32 8.3 RB 0.14 + .119 - .010 10 
#2010 Ci 18, 120 049.7 +23 34 1.4. G5 0.27 - .224 + .046 11 
*2011# Ci 18, 180 117.3 +12 14 9.9 K5 0.41 + .375 + .021 8 
2012# Wolf 65 120.1 +11 36 10.3 Kg 0.29 -0. 154 +0.007 + 9 
*2013 Ci 20, 130 146.8 -1117 11.4 M4 0.79 + .564 + .089 11 
*2014# Ci 20, 138 155.7 +3 33 11.2 KO 0. 40 Fs 075 + .008 16 
*2015# Ci 20, 140A 10.6 KS Bag + .034 11 
*2016# Ci 20, 140B 196.8) 3: 28 124k 0.49" Fe. 362 + .051 18 
2017 BD +5°307 210.6 +609 9.1 8 0.17 -0. 127 40.044 +8 
*2018 AC. +49° 2493-285 218.6 +49 20 11.2 MO 0. 18 + 169 - 021 9 
*2019 Ci 20, 351 5 39.5 +44 06 12.0 M5 0.67 - 562 + .031 10 
2020 Ci 20, 374 604.6 +25 58 Pie 0. 60 + .169 + .025 7 
#2021 Ci 20, 484 837.3 +9 56 9.6 M2 0.67 + .220 + .053 10 
#2022 Ci 20, 485 837.4 +9 56 ines 0.67 +0. 244 +0.054 + 8 
#2023 Ci 20, 504 855.5 +539 12.1 M4 0.47 - 270 + .044 12 
*2024 Ci 20, 505 855.6 +5 38 12.3 M4 0.47 - 262 + 062° 12 
#2025 Ci 18, 1091 909.7 +451 8.0 KB 0.11 - 084 + .042 10 
#2026 AC +70° 4336 934.2 +70 30 10.7 MB 0.72 - . 666 + .089 13 
#2027 AC. +70° 4337 934.5 +70 31 11.6 M4 0.72 -0.668 40.077 + 9 
#2028 BD +40° 2309 10 09.1 +40 01 9.4 MO 0.17 + .028 + .045 8 
#2029 AC. +40° 428-42 10 09.2 +40 02 9.9 MO 0.17 + .030 + .033. 7 
#2030 Ci 20, 615A 11.5 M4 - 1644 + .049 12 
#2031 Ci 20, 615B 1105.8 = +43.58 11.6 M3 0.74 - 612 + .068 10 
*2032 Ci 20, 632 1118.6 +9 06 11.2 M5 1.00 -1.014 40.047 4 9 
*2033 Ross 905 1136.9 42717 10.7 M3 1.01 + .905 + .108 11 
#2034 Ci 20, 703 1219.5 -17 38 11.7 M4 2. 52 +1. 107 + .112 10 
#2035 Ci 20, 716,2nd det. 12 28.4 +934 12.0 Mé4e 1.87 “1.742 + .203 11 
2036 © Ci - 20, 742 12 45.1 +66 40 10.7 . M2 0. 50 - .436 + 110 18 
#2037 AC +18° 1204-96A a: ee 11.0  Mé4e 0.38 +0. 270 +0. 063 £12 
*2038 AC +18° 1204-96B ge ikah 11.5  M4.5e ane + .304 + .059 12 
2039 «Ci _20, 794 13 35.0 -3 42 9.7 MO 0.63 - .348 + .093 9 
2040 BD +46° 1889 13 35.3 +46 42 10.0 M2 0.39 - .070 + .096 8 
2041 Ci 20, 813 13 44.5  -21 36 7.9 KS 1.80 1.744 + .087 15 
2042 BD +45°2147 13 56.2. +45 19 10.4 MO 0.19 -0. 184 40.024 #7 
2043# BD +26° 2536 14 07.0 +26 40 10.4 MO 0.17 - .033 + .022 5 
2044 Ci - 20, 927 15 15.5  -12 49 et man 0.70 - 1588 + .047 11 
2045# Ci 20, 975 16 10.3 +44 43 9.7 KS 0.41 - 108 + 034 9 
*2046# Ci 20, 980 16 15.0 -17 24 11.5 Ké4 0.47 - 1310 + .021 10 
| 
2047# AC -17° 45124 16 15:1 -17 24 11.3 GS wee +0. 001 +0. 036 £7 
*2048 Ross 867 eA is Plage de: 13.6 M6 0.47 - .223 + 117 17 
*2049 Ross 868 Gaeta ff 11.3 M5 0. 47 - .238 + .075 13 
2050 BD +5°3409 1725.5 ' +5 38 9.2 M2 0.27 + .022 +.101 9 
#2051 HD 161817 17 42.6 +25 48 7.0 A2 0.06 - 060 - .005 9 
*2052 AC +4° 2510-357 1750.6 +3 48 10.1 MO 0. 10 -0. 088 40.049 + 8 
20534  L 1064-75, 2nd det. . 18 11.3 +1 29 12.3 M5 0.73 =~ 410 + .063 10 
#2054 Ci 20, 1108, 2nd det. 18 43.6> -23 57 10.5 Mé4e . 0.74 + .632 + .323 ‘6 
#2055 BD +10°3724 18 50.3 +10 51 9.3 MO 0. 10 + .009 + .051 9 
#2056 AC +75°7157, 2nddet. 19 00.7 +75 12 9.9 MO 0.13 +.110 4 Ong 
*2057 Ci 20, 1288, 2nddet. 2125.8 -10 14 11.1 M4 1.19 +1.177- +0.133 410 
*2058# Ci 20, 1329 2156.0 +9 29 10.3 MO 0.53 - .007 + .023 8 
20594 Wolf 1003 22 05.8 +7 25 10.7 MO 0. 26 + .250 + .015 12 
#2060 Ci 20,1344 22 07.6 +31 05 9.8  K5 0. 46 - .352 + .043 13 
*2061# Ci 20, 1392,3rd det. 22 51.7 +16 02 8.7 = M2 1. 08 -1.039 + .135 6 
*2062 ADS 16720A, 2nd det. ; 8.1 KS +0. 176 +0. 033 413 
#2063.  ADS16720B, 2nd det. 2318.7 +45 15 8.8 K8 0. 18 + .167 + .021 9 
2064# BD +0°5017 23 29.9 +103 9.8 MO 0.34 + .329 + .056 12 


‘1959 September 


I 
ll 


2013 Ross 555. us = —0"494. Total w = 0”750 in 131°2. 
2014 Wolf 107. us = —0%434. Total p» = 07440 in 17022. 
2015-16 Binary; p and d measured on 16 plates: 


No. of 
t D d wt. plates 
1943.48 14°20 17"60 9.8 10 
1945.27 14.25 17.66 6.0 6 
Component A: ns = —0"322. Total » = 07484 
in 228°3. 
Component B: ps = —0"292. Total up = 07465 
in 231°. 


2018 A possible close binary (see the note in A. J. 62, 
341, 1957). 
2019 Wolf 237. us = —0"%346. Total uw = 07660 in 238°4. 


2021-22 Common proper motion; measured on the same 
plates, the same reference stars but different depend- 
ences used. 


2023-24 Common proper motion; measured on the same 
plates, the same reference stars but different depend- 
ences used. Position angle and distance referred to 
Ci 20, 504 have been measured on 6 plates: 


No. of 

t Dp d wt. plates 
1941.13 113°5 29" 41 3.0 3 
1946.88 113.8 29.40 2.6 3 


2025 BD +5°2143. This series has 40 plates. 


2026-27 Common proper motion; measured on the same 
plates, the same reference stars but different depend- 
ences used. Position angle and distance referred to 
AC +70°4336 have been measured on 7 plates: 


No. of 


t p d wt. plates 
1937-90 76:9 88%47 2.6 3 
1955-29 76°8 88745 4.0 4 

AC +70°4336: ws = —0%273. Total » = 07720 
in 247°7. 

AC +70°4337: us = —0"’269. Total » = 0"720 
in 248°. 


2028-29 Common proper motion; measured on the same 
plates, the same reference stars but different depend- 
ences used. Position angle and distance referred to 
BD +40°2309 have been measured on 12 plates over 
a 9-year period during which no change is indicated. 
t = 1947.22, p = 40°1, d = 97°78, weight = 12.4. 
BD +40°2309: us = +0%177. Total» = 07179 


in 9°0. 
AC +40°428-42: ws = +07176. Total » = 07179 
in 9°7. 
2030-31 Binary; position angle and distance measured 
on all 41 plates in this series: 
No. of 
t p d wt. plates 
1945.40 74°51 3°350 25.4 26 
1954.01 75-9 3.565 18.0 15 
Component A: ws = —0%443. Total » = 07782 
in 235°5. 
Component B: ws = —o0"%450. Total » = 07760 
in 233°7. 


2032 This series of 44 plates does not indicate any regu- 
lar periodicity. 
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2033 L 1405-28. 40 plates in this series. 
2034 ms = —27278. Total wp = 27533 in 154°1. 


2035 Wolf 424. Close binary ; too close for distance meas- 
urement on our plates. The same reference stars and 
orientation as in the first determination. 


2037-38 Binary; 26 plates on which the components are 
well separated give the following results: 


No. of 
t p d wt. plates 
1947.42 23°6 37074 12.0 15 
IQ51I.11 25°4 37164 II.2 II 
Component A: ws = —0*%204. Total u = 07338 
in 127°1. 
Component B: us = —0%206. Total uw = 07367 
in 124°. 


Motion in Vyssotsky’s second list of dM stars (Ap. J. 
104, 234, 1946, star no. 144) is for component A. 


2046 AC —17°45135. Measured on the same plates with 
AC —17°45124 (following), the same reference stars 
but different dependences used. 


2048-49 Common proper motion; measured on the same 
plates, different sets of reference stars used. All the 
27 plates in this series have been measured for p and d, 
referred to Ross 868: 


No. of 

t p d wt. plates 
1941.93 267°7 167035 11.6 14 
1945.18 267.5 15-984 11.4 13 


Ross 867: 4s = +07348. Total u = 07413 in 327°3. 
Ross 868: ws = +07347. Total uw = 07421 in 325°6. 

BD +25°3344; has been suspected of being a white 
dwarf by L. P. Svetlova (A.J. U.S.S.R. 23, 147, 
1946); this parallax suggests it is not. See also A. 
Slettebak (Ap. J. 115, 576, 1952) about spectrum. 
ws = —0"065. Total » = 07088 in 222°7. 


2052 Also AC +3°2518-200. 


2054 Ross 154. This determination with different refer- 
ence stars includes all the plates used in the first 
determination. 

Ma (Yale) = +0"659 (A. J. 51, 118, 1945). 

Ma (Cape) = +0641 (Cape Annals 16, 175, 1950). 

This star has a faint companion (~12 vis. mag.) 


p and d measured on to plates: 
t = 1946.31, p = 13°8, d = 5°17, wt. = I0. 


2056 41 plates in this series. 


2051 


2055 


2057 A periodicity of slightly less than 1500 days in a is 
indicated by this series of 49 plates. 

2058 wa (Yale) = +0"oI0 (A. J. 54, 175, 1949). 

2060 Spectrum dMo by Joy (Ap. J. 108, 236, 1948). 


2061 This series of 54 plates does not confirm the sus- 


pected periodicity. 

2062-63 Binary; both components are dwarfs (Vyssot- 
sky, A. J. 63, 211, 1958). Sixteen plates, with total 
weight of 16.0 over a 3-year period, give: 


= 1941.89, p = 131°0, d = 257772. 


A = BD +44°4399 = AGK2 +45°2134 = GC 32552 
= Ci 18, 3066. 
B = BD +44°4400 = AGK2 +45°2135. 


268 


THE ASTRONOMTCAL J OURNAE 


By V. OSVALDS ann H. L. ALDEN 


Leander McCormick Observatory, Charlottesville, Va. 


Received February 16, 1959 


In the preparation of the McCormick paral- 
laxes for publication of the details, the following 
errors have been detected in the parallax lists 


published in this Journal. 


R. A. 


Star 


A. J. 48, 161-162, 1939 


3259"1 Cin 545 
13 32-6 21766B 


A. J. 49, 134, 1941 
ohoo™2 


8 56. 
II 40. 


A. J. 50, 


8 
8 


7422™0 


10 51. 
12 28. 


A.J. 51, 


) 
4 


2h4g2™3 


4 09. 
6 07. 
7 35- 

19 27. 


6 O 


7 


5 
I 


Cin 1 
« UMaj 
—UMaj 


II7-119, 1943 
BD +5°1668 
Cin (20) 598 

Wolf 424 


92, 1944 


Cin (18) 357 
277 

Ci (18) 773 
Ci (18) 921 
Ci (18) 2543 


93-95, 1944 
Anonymous 


Ci (20) 263 


20 Mon 

5 Gem. 

« Gem. 

81 Gem. 

38 UMa 
GC 15041 
Ci (18) 1661 
59 Vir 


Ross 838 

BD +20°3009 
BD +20°3010 
14 49.5 Ross 52 


Published Corrected 
Ha=+ "ogo + "120 
Ha=— .168 — .150 

(p.e.)r=+ 010 + ‘orl 
Ha=— .O41 — .003 
Ma=— .I21 .064 
Ha=+ “588 AP EBV 
Ha=+ .627 — .630 
Ma = —1.708 —Ti7 TO) 
w=+ .217 eee 
Ma=+ "214 + 1283 
Ha=+ .O10 Os 

T=+ .053 + .055 
Ha=— .O16 — .021 
Ma=+ .064 + .085 
Anonymous BD —18°359 
5 = — 18°54’ 18°06’ 
Ha=— "414 — "420 
r=+ .028 1 O32 
r=+ .003 + .032 
5 Gem «Gem 
. Gem « Gem 
5=+18°40’ +18°45’ 
5 = +69°36’ +66°r4’ 
Ha=— 1224 — "234 
56=— 2°50’ — 2°10 
Ma=— "304 — '299 
r=-+".090 * + .OO1 
Ka=— .173 + .161 


Ma and w of these two stars 
are to be interchanged. 
Omit from this list; pub- 


‘lished in Reuyl’s list A. J. 


1 OVO AO 


8 UMi 
Ci (20) 897 


GC 21599 
Ci (20) 982 


k Op 
oe 4860 

26495 
GC 27782 
6 Cap 


Oxf. Ph. 
+31°70565 


Ma Cat. 


50, 117. 
Hacat.=+ "032 
Ba=— .006 
Kha > — «483 
ea RS 
Ha=— -472 
w=+ .014 
Ma=— .234 
Ha=+ .064 
Ma=+ .195 
Ha=—, .088 
Ba=— .278 
Macat.=— .261 
r=+ .044 


Haatecty a taht eaten relent 


"032 
.008 
-847 
. 830 
-447 
-O16 
.263 
.061 
.231 
-084 
238 
.261 
-O41 


23 02.2 56 Peg } 

23 49.4 p Cas 2nd det. 

23 52.7 wy Peg 

A. J. 51, 181, 1945 
gto2™g GC 12608B 


A. J. 51, 182-183, 1945 
083470 6 And 
200.6 Ci (20) 146 
3.07.4 Ci (20) 213 


311.6 Ci (20) 221 
BD +19°764B 
GC 6144 


Sid 
aw 

ON 
ne 


Ross 42 

Ci (20) 345 

Ci (18) 783 
AC +56°35386 
Ross 611 

BD +44°1710 


41 Com 

B Com 

Ci (20) 821 
9 UMi 


ron) 
> 
ee) 

RONP AW OM ON 


BD +67°910 
BD +42°2667 
Ci (20) 986 


= 
on 
wn 
Ke) 

BOW 


18 25.5 GC 25276 
21 48.3 Ci (18) 2846 
A. J. 54, 95, 1949 


CORRECTIONS TO McCORMICK PARALLAXES 


64, No. 127: 

Ha=— .007 — .O10 

Determination erroneous 

delete. 

Ha=— 7026 — "033 
x=+ "097 + "093 
5 = +30°09’ +30°19 
x=-+ "o4o + "060 


The two determination 
should be combined as the 
are the same series, meas 


ured twice. 
r=+ "082 + 7085 
Ha=— .048 — .017 
Ma=+ .074 + .067 
a@=4"5729_ 4*56™5 
5= +13°59 +13°S7 
Ha=— <105 — ‘181 
Mda=— .225 — .331 
Ha=+ .047 + .063 
w=+ .058 + .027 
Me=— .065 =. 07 
Ma=+ .175 + .180 
mt=+ .026 = ts Oe 
w=+ .032 + .o18 
Ma=— .805 — .802 
w=+ .064 + .066 
T=— .002 — .006 
Ha=+ .377 — .386 
Macat.=+ .398 — .398 
Ha=+ +330 — .329 
Ma=— .116 — .204 
Bo Led +1126 
Ha Cat. = —1.140 +1.148 
6=-I 5°58" — 18°58 
Ha=— "096 — "12 
w=+ .042 + 3032 


2nd line The stars no. 1772 & The stars no. 1785 ¢ 
above 1773 form ADS13940 1786 form ADS1394 
table 

6549™8 Ci (18) 839 HMa=— "209 — "172 
16 49.6 Ross 644 Ma=— -525 — .522 
20 26.2 Ci (18) 2661A w~=-+ .040 + .031 
22 31.0 Ci (20) 1373 Ba=+ .074 + .069 


A. J. 54, 176, 1949 
0539"5 BD —19°FII 


119.0 6 Ceti 

5 57-3 Ci (18) 756 
9 43.2 Deutsch 2 
12 30.0 Ci (20) 719 
14 07.0 Ci (20) 836 
14 57-4 Ci (18) 1996 
15 16.9 BD —4°3873 


15 27.3 v’ Bootis 


A. J. 62, 274-275, 1957 
2143676 Ci 20, 1302 
22 42.5 Ci 20, 1382 


(p.e.)r=+ .008 


(p.e.)r=+ "O10 
(p.e.)a =. .008 
(p.e.)r=+ .006 
(p.e.)r == .009 
(p.e.)r=+ .007 
(p.e.)r=+ .007 
(p.e.)r=+ .009 
(p.e.)m=+ .O10 


He He He He HE He He He HE 
8 


Mag. =11.6 12.5 
Ma = — "687 — "690 
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|. J. 62, 276, 1957 A. J. 62, 276-279, 1957 (cont.) 

2420"o BD +21°4747 Ha=— "214 — "212 I .o BD +36° Mag.= 9.6 : 

356.1 BD +13°5195A Ha=+ .O15 + .009 ss ; BD es = = eck ie 

w=+ .027 + .032 yy 38.0 BD +71°850 paces 108 + 094 

Bs Srot OS? ee ee xf ae 23 03.0 AC +3°2781-116 ptot.= 0.43 0.54 
BD +13°5195A-B p= 235 204° 

SS eee Additional Stars in Pub. McCormick Obs. Vol. 14, part I. 

fed ‘> ’ 9, 19 

Be orn ° a 20536™2 GC 28814 Not published in any of the 

as, aa ye eae BF 56a 486 lists and therefore not in- 

313.5 AC +37°30242 Ha= 072 — .072 23 25.4 AC +18°1085-42 cluded in the General Cat- 

3 29.4 Wolf 1487 Mag.= 10.4 9.7 alogue of Trigonometric 

3 29.6 BD —7°3646 Mag.= 10.1 O38 Stellar Parallaxes (1952). 


TRIGONOMETRIC PARALLAXES DERIVED FROM PHOTOGRAPHS TAKEN WITH 
THE TWENTY-INCH REFRACTOR OF THE VAN VLECK OBSERVATORY 


(E1cutH List) 


By CARL L. STEARNS 
Van Vleck Observatory, Wesleyan University 


Received January 23, 1950 


Abstract. Relative trigonometric parallaxes and proper motions for twenty stars.were determined photographically 
y essentially the same methods as were used for previously published parallaxes from the Van Vleck Observatory. 


These parallaxes were determined from photo- and Eastman IG or Super Panchro-Press plates. 
raphs taken with the 20-inch refractor of the This list is a continuation of those published in 
lan Vleck Observatory of Wesleyan University, earlier volumes of the Astronomical Journal 
sing a Wratten number 12 ‘‘minus blue’”’ filter (Stearns 1951, 1956). 


Proper motion 


R.A. Dec. Catalogue Obs. Relative parallax No. of Comp, 
oO. Name (1900) (1900) Mag. Total in X in X and P.E. plates stars 
40 Ross 597 ARMA o--2307 32) 11.3 0”58 +0749 +0%469 +0%017 +07008 43 4 
41 yw Geminorum GelOnO ay 1-22) 34 B19) 70,128 0.059. 1-0.062. ~~ =-0.0F2 6 4I 5 
42 Anonymous 6 38.1 +58 44 9-7 0.56* +0.05 —0.003 +0.013 9 35 4 
43. Ross 390 7030.1 —F0) 50 II 0-63) ) 4-0. 32 S-On4 33 1. O.OBT 7 46 5 
44 LPM 269 7 35.6  —I7 10 13 1.29* +1.15 +1.136 -+0.102 17 45 5 
45 BD +67°552 8 27.4 +67 38 g.2 1.09 —I1.09 —1.056. +0.052 7 42 4 
46 BD+10°1857 8 37.3 +9 56 Ons 0.66 +0.19 +0.209 +0.081 8 46 5 
47 Anonymous 8 37.4 +9 56 10 0.68 +0.31 +0.220 +0.061 6 46 5 
48  w Leonis GQu22 alan j-~9) 30 5.52 0.054* +0.053 +0.071 +0.027 10 33 4 
49  R Leonis 9 42.2 +1T 54 var 0.047* +0.001 +0.013 +0.019 13 41 4 
50 Ross 445 LOe10; 2. =< 910 bas 0.52 —0.52 —0.497 +0.014 8 35 4 
51 Ross 626 10 42.0 +28 56 10.4 0283) 2-07 21 +0.187 +0.026 7 46 4 
52. Ross 911 II 36.4- + 5-42 9.5 0.52* -+0.21 +0.216 +0.042 8 43 4 
53. Ross 119 TEE4O. Om +-10=23 II O73 saat Or tO +0.100 +0.091 13 63 6 
54 Wolf 1438 12 8.3 +17 16 Tae 0.65 —0.44 —0.477. +0.040 10 26 5 
55 Wolf 427 I2 30.0 +10 23 5G ae 0.45 —0.38 —0.440 +0.061 7 46-4 
56 BD +24°2735 14 23.3 +24 18 10.2 0.49 —0.48 —0.503 +0.050 12 45 4 
57 Ross 651 19 9.9 + 1 59 9.4 0.56 +0.39 +0.352 +0.046 a 34 5 
58 Comp. to 19 1919 ~-+ I .59 10 +0.362 +0.038 9 34 4 
Ross 651 
59 Wolf 896 20 51.4 —I10 48 11.3 1.14. —0.20 —0.033 +0.026 15 38 6 
NOTES 


240 The proper motion and parallax are weighted means of two sets of measurements of the same plates. For the 
scond measures different comparison stars were used: two plates were rejected on account of the faintness of one of 
he new comparison stars. There is no obvious reason for rejecting the first set of measurements. Proper motions in X 
me 0-485 and +0453; parallaxes were +0%004 + 0009 and +0%027 + 0%008 for the first and second sets, re- 
pectively. 

241, 248, 249 Boss’ General Catalogue. 

242 A. J: 47, 113. 

244 Pub. Astron. Obs. Minnesota, HI, No. 1. 

252 A.J. 46, 158. 
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The magnitudes in the fifth column are in 
general taken from the same sources as the cata- 
logue proper motions, but for stars whose mag- 
nitudes are given to two decimal places the source 
is the Henry Draper Catalogue. Magnitudes in 
italics are photographic. The catalogue proper 
motions in the sixth and-seventh columns are 
taken from Publications of the Cincinnati Observ- 
atory, No. 20, except for the stars indicated by 
an asterisk in the sixth column, for which the 
sources are given as notes to the table. 


% 
64, No. 127; 


The plates were taken by F. Slocum, B. W 
Sitterly, R. T. Matthews, N. W. Storer, V. A 
Goedicke, and the author. The measuring for 
twelve fields was done by Helen Dondero, fo: 
four fields by Elizabeth Maier, and for one fielc 
each by Patricia Flosdorf, Janice Grover, Cary 
McLear, Michael Ryan, and Norman Thomas. 
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FORMULAE FOR PREDICTING THE POSITION OF AN 
ARTIFICIAL SATELLITE 


By BORIS GARFINKEL 
Aberdeen Proving Ground, Md. 


Received September 21, 1950 


The appended formulae give the solution of 
the problem of motion in vacuum of an artificial 
satellite of the earth. Since the theory of the 
motion will appear in another paper, only a brief 
description of the work appears here. Under 
the assumption of the axial and the equatorial 
symmetry, the gravitational potential is repre- 
sented by 


2 
Vs i) ees Ps isin 0) /# 
°e) 


SDP. eae 

ae a (sin 6) /r°, 
with 7 denoting the ratio of the radius vector 
to the equatorial radius of the earth, @ the 
declination, P2 and P, the Legendre polynomials; 
the geophysical constants J and D, introduced 
by Jeffreys, are treated as small quantities of the 
first and second orders, respectively. The un- 
perturbed orbit is defined by a Vo that incor- 
porates the major portion of the second spherical 
harmonic and leads to a closed solution in terms 


of elliptic functions, without any secular varia. 
tions of the first order (Garfinkel 1958). The 
perturbations of this non-Keplerian intermediary 
orbit have been derived by the von Zeipe 
modification (1916) of the method of Delaunay 
The periodic and the secular variations hay 
been carried up to the first and the second orders 
respectively. The solution is valid for e <1 
provided the time of prediction does not exceed ¢ 
bound beyond which the omission of the seculai 
variations of the third order can no longer be 
justified. The presence of a singularity at the 
critical inclination 7+ = tan~! 2 = 63°4 impose: 
the further restriction 

|\¢ —4*| > e/2001 + e), 
with the right-hand member attaining a maxi 
mum of 1°4 when e = I. 
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APPENDIX. COMPUTATIONAL SUMMARY 


A. The data: 
1) the geophysical constants: 


R = 6378.4 km 
J = 1.624 X 10% 


2) the elements a, e, 7, ¢, w, 2 


= 1.23943 X 10°? rad./sec. 
=O X1On: 


oi 
4 
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B. Auxiliary constants: 


x = (1 — é&)} y = cos4 
a, = 3(1 — x) a, = af (1 — x)/(1 + x) # 
Dieta Ls 3y") Q = 1(1 — y*) 
p = — 3D/28/? 
m = E (EES) = a(t = 739) | (Syeeot) 
= 4mQ 
qo y E (5 + 56p) + = (5 + 240) (59? — >] 
B= yy 
pa Os w=1+ 2JxP/p? 
« = 2J/pp’ n = pia~*no 


C. The secular effects: 


oy) = 1+ = C- 33 + 16x + 25x? + y?(138 — 96x — 90x?) 


Po 820 4 14a 250") —729(1 — x”) (3 — 30y? + 359], 


is = 


«(5y? — 1) te, — 131 + 25x + 25x? + y?(618 — 192x — 126x?) 


ee! 


+ yi(— 815 + 360% + 45x?) + 24e[— 21 + 270y" — 38594 + x?(9 — 126y? + 18999}, 


I e : 
a 5 ole 53 + 12x + 9x? + y?(157 — 36% — 5x”) + 240(5 — 3x?) (79 — 3) J. 


D. The equations of the orbit: 
l=n't+o 
E=I+esinE 
E 
tan = = [(1 + e)/(1 — e) } tan > 


yr = a(i — ecos £) 


¥ = (1 + g’n)(@ +), 


or/r = <|- P(a; cos v + a2 cos 2v) + o| £ cos (2y — v) ope Bone ay + cos (2y + | 


On te — ca| $ c0s (2y — 2v) + ecos (2¥ — v) + = cos 20 


r =r + dr + 6r*, 

62 = tee cost [— sinv + 3 sin (2y — v) + § sin (28 + v) |, 
60* = — ee’y sin (2y — 20), 

Yo = 2+ 462 + 60%, 

dy = e{P(2a; sinv + a2 sin 2v) + QO[esin (2y — v) + % sin 2 ]} — cosz 6Q, 


ove = les sin (2y — 2v) — 2ea sin (2y — v) — eS sin 20 
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vy =p + oy + dy’, 

ou = 5 sin 2i[cos (2y — v) + 3 cos (2y + v) ]. 
62* = heme? sin 27 cos (2p — 22) 

v=it+éi+ 6&* 


sin 0’ = sin 7’ sin y’ 
¢’ = 0’ + tan7 (cos 7’ tan py’) + g’ sy’. 
The position of the satellite is furnished by the perturbed spherical coordinates Ody al 


equatorial radius R is the unit of distance; the time ¢ is here expressed in seconds. The calculati 
of tangents could be avoided by the use of the alternate relations _ 


! a(t — e)} , 
sin. = att — ¢)" sin E, cos = oes eat 


¢’ = 2 + cos (cos p’/cos 6’) + g’ soy’. 


It is noteworthy that the solution appears in closed form; there is a singularity at 1 = 1%, pees no 
até =oore=tI. 


NOTICE 


Apparent Places of Fundamental Stars. At the request of the publisher, the Cincinnati Obser\ 
tory will serve as distributing agent in the U.S.A. for the annual volume of the Apparent Places 
Fundamental Stars, beginning with 1960. 

The price will be $6.50 per volume, including postage and packaging ; but shipment will be ma 
only upon receipt of the full payment 7m advance. Use the mailing address: 


Cincinnati Observatory 
Cincinnati 8, Ohio. i 
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